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(54) Electron emission device and display device using the same 



(57) An electron emission device exhibits a high 
electron emission efficiency. The device includes an 
electron supply layer (12) of metal or semiconductor, an 
insulator layer (13) formed on the electron supply layer 
(1 2), and a thin -film metal electrode (1 5) formed on the 
insulator layer (13). The insulator layer is (13) made of 
a dielectric substance and has a film thickness of 50 nm 
or greater. When an electric field is applied between the 
electron supply layer (12) and the thin-film metal elec- 
trode (1 5), the electron emission device emits electrons. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the invention 

The present invention relates to an electron emission device and an electron emission display device using the 
same. 

2. Description of the related art 

An FED (Field Emission Display) in field electron emission display apparatuses is known as a planar emission 
display equipped with an array of cold-cathode electron emission source which does not require cathode heating. For 
example, the emission principle of an FED using a spindt type cold cathode is in that electrons are drawn out from the 
cold cathode Into a vacuum by the gate electrode located apart from the cold cathode in a similar manner of a CRT 
(Cathode Ray Tube) which has a cathode different from that of the FED, and then the electrons impinge onto the 
fluorescent substance that is coated on the transparent anode, thereby causing light emission. 

However, this field emission source faces a problem of low production yield because the manufacture-of the minute 
spindt type cold cathode is complex and involves many steps. 

There also exists an electron emission device with a metal-insulator-metal (MIM) structure as a planar electron 
source. This electron emission device with an MIM structure has an aluminum (Al) layer as a cathode, an A^Oa insulator 
layer of about 10 nm in film thickness and an Au layer, as an anode, of about 10 nm in film thickness formed in order 
on the substrate. With this device placed under an opposing electrode in a vacuum, when a voltage is applied between 
the underlying Al layer and the overlying Au layer and an acceleration voltage is applied to the opposing electrode, 
some of electrons leap out of the overlying Au layer and reach the opposing electrode. Even the electron emission 
device with an MIM structure does not yet provide a sufficient amount of emitted electrons. To improve this property 
of emission, it is considered that there is a necessity to make the AI2O3 insulator layer thinner by about several na- 
nometers and make the quality of the membranous of the AI2O3 insulator layer and the interface between the AI2O3 
insulator layer and the overlying Au layer more uniform. 

To provkje a thinner and more uniform insulator layer, for example, an attempt has been made to control the 
fornnation current by using anodization to thereby improve the electron emission characteristic, as in the invention 
described in Japanese Patent Application kokai No. Hei 7-65710. 

However, even such an electron emission device with an MIM structure which is manufactured by this method still 
ensures a sufficient electron emission property of an emission current of about 1 x 1 0-^ A/cm^ and an electron emission 
efficiency (emission current/diode current )of about 1x10-3. since there is a difficulty in the method using anodizatbn 
the electron emission devk;e is not put to practical use yet. One of the factors influencing the devrce property of the 
electron emission device with an MIM structure is the quality and thickness of the insulator layer. It is considered that 
there is a necessity to make the insulator layer still thinner enough for occurrence of tunnel effect at i.e., about several 
nanometers in thickness. Therefore, pinholes are apt to appear in the insulator layer, so that the quality of film thereof 
is spoiled. Further one of the factors influencing the device property of the electron emission device with the MIM 
structure is the state of interface between the insulator layer and the metal layer. If the surface of the insulator layer 
after depositbn is rough then the contact between the insulator layer and the metal layer becomes poor so as to make 
the electron emission unstable in the device. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention to provide an electron emission device with a high electron 
emission efficiency and an electron emission display apparatus using the same. 
An electron emission device according to the invention comprises: 

an electron supply layer of metal or semiconductor; 

an insulator layer formed on the electron supply layer; and 

a thin-film metal electrode formed on the insulator layer and facing a vacuum space, 

characterized in that said insulator layer is made of a dielectrk; substance and has a film thickness of 50 nm or 
greater, whereby the electron emission devk;e emits electrons when an electric field is appli d betw en th electron 
supply layer and th thin-film metal lectrode. 



According to th electron emission device of the invent bn with the above structure, the insulator layer has a large 
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thickness so that any hoi s are not likely to b produced, wh reby the production yield is improved. The mission 
current of the electron emissbn device is greater than 1x10^ Ncrr? and Is approximately 1x10*^ A/cm^, and the 
electron emission efficiency obtained Is 1 x 10"V Therefore, when this electron emission devic Is used in a display 
device, it can provide a high luminance, and suppress the consumption of the drive current to r due th generation 
of heat, and can reduce a load on the driving circuit for the devic . 

Th lectron mission device of th Invention is a planar or spot-like electron mission diode and can b adapted 
to high speed devices such as a source of a pixel vacuum tube or bulb, an electromagnets emission source of an 
electron microscope, a vacuum-micro electronics device and the like. In addition, this electron emission device can 
serve as a light-emitting dk)de or a laser diode which emits electromagnetic waves of infrared rays, visible light or 
ultraviolet rays. 

Moreover a display device using an electron emission device according to the inventbn comprises: 

a pair of first and second substrates facing each other with a vacuum space In between; 
a plurality of electron emission devrces provided on the first substrate; 
a collector electrode provided in the second substrate; and 
a fluorescent layer formed on the collector electrode, 

each of the electron emission devices comprising an electron supply layer of metal or semiconductor; an insulator 
layer formed on the electron supply layer; and a thin-film metal electrode fonmed on the insulator layer and facing 
a vacuum space, wherein said insulator layer is made of a dielectric substance and has a film thickness of 50 nm 
or greater. 

In addition, a display device using an electron emission device according to the inventbn comprises: 

a pair of a device substrate and a transparent substrate facing each other with a vacuum space in between; 

a plurality of ohmic electrodes formed in parallel on an inner surface of the device substrate; 

a plurality of electron emission devices provided on the ohmic electrodes, each of the electron emission devices 

comprising an electron supply layer of metal or semiconductor; an insulator layer formed on the electron supply 

layer; and a thin-film metal electrode formed on the Insulator layer and facing the vacuum space, wherein said 

insulator layer is made of a dielectric substance and has a film thickness of 50 nm or greater; 

a plurality of bus electrodes formed on parts of the thin-film metal electrodes and extending in parallel to one 

another and perpendicular to the ohmic electrodes so as to electrically connect adjoining thin-film metal electrodes; 

a plurality of collector electrodes provided in the transparent substrate; and 

fluorescent layers formed on the collector electrodes. 

In an embodiment of the electron emission display device, the device further comprises a second auxiliary Insulator 
layer with openings fomned to separate the surfaces of the thin-film metal electrodes Into a plurality of electron emission 
regions. The second auxiliary insulator layer covers the bus electrodes. 

In an aspect of the inventbn, an electron emissbn device comprises: 

an electron supply layer of metal or semiconductor; 

an insulator layer formed on the electron supply layer; and 

a thin-fllm metal electrode formed on the insulator layer and facing a vacuum space, 

characterized in that said insulator layer is made of a dielectric substance with a dielectric constant of 8 or less 
and has a film thkikness of 50 nm or greater, whereby the electron emission device emits electrons when an electric 
field Is applied between the electron supply layer and the thin-film metal electrode. 

In another aspect of the invention, an electron emission display device comprises: 

a pair of first and second substrates facing each other with a vacuum space In between; 
a plurality of electron emission devices provkjed on the first substrate; 
a collector electrode provided In the second substrate; and 
a fluorescent layer formed on the collector electrode, 

each of the electron emission devices comprising an electron supply layer of metal or semrconductor; an insulator 
layer formed on the electron supply layer; and a thin-film metal electrode formed on the insulator layer and facing 
a vacuum spac , wher in said Insulator lay r is nnade of a dielectrk; substanc with a dielectric constant of 8 or 
less and has a film thickness of 50 nm or gr at r. 



In another aspect of the Invention, an electron mission device comprises: 
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an lectron suppfy layer of metal or semiconductor; 

an insulator layer formed on th lectron supply layer; and 

a thin-film metal lectrode formed on th Insulator layer and facing a vacuum spac , 

characterized in that said insulator layer has a film thickness of 50 nm or greater and said electron supply layer is 
s transparent, wher by the lectron emission device emits lectrons when an electric fi Id Is applied betwe n the 

lectron supply layer and th thin -film m tal lectrode. 

In a further other aspect of the invention, an electron emission display device comprises: 

10 a pair of first and second substrates facing each other with a vacuum space in between; 

a plurality of electron emission devices provided on the first substrate; 
a collector electrode provided in the second substrate; and 
a fluorescent layer formed on the collector electrode, 

each of the electron emission devices comprising an electron supply layer of metal or semiconductor; an insulator 
IS layer formed on the electron supply layer; and a thin-film metal electrode fomned on the insulator layer and facing 

a vacuum space, wherein said insulator layer has a film thickness of 50 nm or greater and said electron supply 
layer is transparent. 

In an embodiment of the electron emission display device of the invention, said first substrate is transparent, and 
20 further comprising a transparent electrode which is disposed between said first substrate and said electron supply layer 
In another aspect of the invention, an electron emission device comprises: 

an electron supply layer of metal or semiconductor, 
an insulator layer formed on the electron supply layer; and 
25 a thin-film metal electrode formed on the insulator layer and facing a vacuum space, 

characterized in that said insulator layer is made of silicon oxide as a major component of SiO^ where x represents 
an atomic ratb in a range of from 0.5 to 2 in a whole layer and has a film thickness of 50 nm or greater, whereby 
the electron emission device emits electrons when an electric field is applied between the electron supply layer 
and the thin-film metal electrode. 



30 



40 



In a still further aspect of the invention, an electron emission device comprises: 



an electron supply layer of metal or semiconductor; 
an insulator layer formed on the electron supply layer; and 
35 a thin-film metal electrode formed on the insulator layer and facing a vacuum space, 

characterized in that said insulator layer is made of silicon oxide as a major component of SiO^ where x represents 
an atomic ratio satisfying a refractive index in a range of from 1 .3 to 3.0 and has a film thickness of 50 nm or 
greater, whereby the electron emission device emits electrons when an electric field is applied between the electron 
supply layer and the thin-film metal electrode. 



In another aspect of the invention, an electron emission display device comprises: 



a pair of first and second substrates facing each other with a vacuum space In between; 
a plurality of electron emission devices provided on the first substrate; 
^ a collector electrode provided in the second substrate; and 

a fluorescent layer formed on the collector electrode, 

each of the electron emission devices comprising an electron supply layer of metal or semiconductor; an insulator 
layer formed on the electron supply layer; and a thin-film metal electrode formed on the insulator layer and facing 
a vacuum space, wherein said insulator layer is made of silicon oxide as a major component of SiO^ where x 
50 represents an atomic ratio in a range of from 0.5 to 2 in a whole layer and has a film thickness of 50 nm or greater 

In another aspect of the invention, an electron emission display device comprises: 

a pair of a device substrate and a transparent substrate facing each other with a vacuum space in between; 
ss a plurality of ohmic electrodes formed in parallel on an inner surface of th d vice substrate; 

a plurality of electron emission d vices provid d on the ohmic electrodes, ach of th lectron mission devices 
comprising an electron supply layer of metal or semiconductor; an insulator layer formed on th electron supply 
layer; and a thin-film metal electrod*e fonmed on the insulator layer and facing the vacuum space, wherein said 
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insulator lay r is mad of silicon oxid as a major compon ntofSiO^wh r x represents an atomic ratio in a rang 
of from 0.5 to 2 in a whole layer and has a film thickness of 50 nm or great r; 

a plurality of bus lectrodes form d on parts of th thin-film metal lectrod s and extending in parallel to one 
another and perpendicular to the ohmic electrodes so as to electrically connect adjoining thin-film metal lectrodes; 
s a plurality of collector electrodes provid d in th transparent substrate; and 

fluoresc nt lay rs formed on th collector lectrodes. 

In another aspect of the invention, an electron emission device comprises: 

10 an electron supply layer of metal or semiconductor; 

an insulator layer formed on the electron supply layer; and 

a thin-film metal electrode formed on the insulator layer and facing a vacuum space, 

characterized in that one of said thin-film metal electrode and said insulator layer is provided with a region con- 
taining atomic elements each having a work function whrch is lower than that of said thin-film metal electrode, 
IS whereby the electron emissbn device emits electrons when an electrk: fieki is applied between the electron supply 

layer and the thin-film metal electrode. 

In an embodiment of the electron emission display of the invention, sakj regbn is an intermediate layer disposed 
between said thin-film metal electrode and said insulator layer. 
20 In another embodiment of the electron emission display of the invention, said regk>n is an electron emission layer 

disposed on an outer surface of said thin-film metal electrode at a side of electron emission. 

In a further embodiment of the electron emission display of the inventk>n, said region is disposed so as to be 
dispersed as a layer within said thin-film metal electrode. 

In a still further embodiment of the electron emission display of the invention, said region is disposed so as to be 
25 dispersed as a layer within said insulator layer. 

In an aspect of the inventkxi, an electron emission display device comprises: 

a pair of first and second substrates facing each other with a vacuum space in between; 
a plurality of electron emission devices provided on the first substrate; 
30 a collector electrode provided in the second substrate; and 

a fluorescent layer formed on the collector electrode, 

each of the electron emission devices comprising an electron supply layer of metal or semiconductor; an insulator 
layer formed on the electron supply layer; and a thin-film metal electrode formed on the insulator layer and facing 
a vacuum space, wherein one of said thin-film metal electrode and said insulator layer is provided with a regk>n 
3S containing atomic elements each having a work function which is lower than that of said thin-film metal electrode. 

In another aspect of the invention, an electron emission device comprises: 

an electron supply layer of metal or semiconductor; 
40 an insulator layer formed on the electron supply layer; and 

a thin-film metal electrode formed on the insulator layer and facing a vacuum space, 

characterized in that said insulator layer has a film thickness of 50 nm or greater and is provided with one or more 
themnal conductive layers, whereby the electron emission device emits electrons when an electric fieW is applied 
between the electron supply layer and the thin-film metal electrode. An advantage of the invention is in that the 
^ thermal conductive layer in the insulator layer restricts a thermal distributk>n to improve stableness and life of the 

device in use. 

In a further aspect of the invention, an electron emission display device comprises: 

50 a pair of first and second substrates facing each other with a vacuum space in between; 

a plurality of electron emission devices provided on the first substrate; 
a collector electrode provided in the second substrate; and 
a fluorescent layer formed on the collector electrode, 

each of the electron emission devices comprising an electron supply layer of metal or semiconductor; an insulator 
55 layer formed on th lectron supply layer; and a thin-film metal electrode formed on the insulator lay r and facing 

a vacuum spac , wherein said insulator layer has a film thickness of 50 nm or greater and is provided with on or 
more thermal conductive layers. 
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In an aspect of the invention, an lectron ennissbn device compris s; 

an electron supply layer of m tal or semiconductor; 

an insulator layer formed on th electron supply layer; and 

5 a thin-film metal electrode formed on th insulator layer and facing a vacuum spac , 

charact rized in that said insulator lay r is mad of a dielectric substanc and has a film thickn ss of 50 nm or 
greater which Is fomned through a sputtering by using a mixture gas essentially comprising a rare gas under a 
sputtering condition of a gas pressure of 0,1 to 100 mTorr and a forming rate of 0.5 to 100 nm/min, whereby the 
electron emission device emits electrons when an electric field Is applied between the electron supply layer and 

10 the thin-film metal electrode. 

In another aspect of the invention, an electron emission display device comprises: 

a pair of first and second substrates facing each other with a vacuum space in between; 
IS a plurality of electron emission devices provided on the first substrate; 

a collector electrode provided in the second substrate; and 
a fluorescent layer formed on the collector electrode, 

each of the electron emission devices comprising an electron supply layer of metal or semiconductor; an insulator 
layer formed on the electron supply layer; and a thin-film metal electrode formed on the insulator layer and facing 
20 a vacuum space, wherein said insulator layer is made of a dielectric substance and has a film thickness of 50 nm 

or greater which is formed through a sputtering by using a mixture gas essentially comprising a rare gas under a 
sputtering condition of a gas pressure of 0.1 to 100 mTorr and a forming rate of 0.5 to 100 nnn/min. 

In a further aspect of the invention, an electron emission display device comprises: 

25 

a pair of a device substrate and a transparent substrate facing each other with a vacuum space in between; 
a plurality of ohmic electrodes formed in parallel on an inner surface of the device substrate; 
a plurality of electron emission devices provided on the ohmic electrodes, each of the electron emission devices 
comprising an electron supply layer of metal or semiconductor; an insulator layer fomned on the electron supply 
30 layer, and a thin-film metal electrode formed on the insulator layer and facing the vacuum space, wherein said 

insulator layer is made of a dielectric substance and has a film thickness of 50 nm or greater which is fomned 
through a sputtering by using a mixture gas essentially comprising a rare gas under a sputtering conditbn of a 
gas pressure of 0.1 to 100 mTorr and a forming rate of 0.5 to 100 nm/min; 

a plurality of bus electrodes formed on parts of the thin-film metal electrodes and extending in parallel to one 
35 another and perpendicular to the ohmic electrodes so as to electrically connect adjoining thin-film metal electrodes; 

a plurality of collector electrodes provided in the transparent substrate; and 
fluorescent layers formed on the collector electrodes. 

In an aspect of the invention, an electron emission device comprises: 

40 

an electron supply layer of metal or semiconductor; 

an insulator layer formed on the electron supply layer; and 

a thin-film metal electrode formed on the insulator layer and facing a vacuum space, 

characterized in that said insulator layer has a smoothed surface layer for contacting with said thin-film metal 
-^5 electrode, whereby the electron emission device emits electrons when an electric field is applied between the 

electron supply layer and the thin-film metal electrode. 

In an embodiment of the electron emission device of the invention, said insulator layer is made of a dielectric 
substance and has a film thickness of 50 nm or greater whrch is formed through a sputtering method under a sputtering 
so condition in which a gas pressure or a forming rate for said surface layer of said insulator layer is lower than that for 
a portion other than said surface layer of said insulator layer. 

In another embodiment of the electron emission device of the invent k>n, said insulator layer is made of a dielectric 
substance and has a film thickness of 50 nm or greater which is formed through a sputtering method by using a mixture 
gas essentially comprising a rare gas in such a manner that a portbn other than said surface layer of said insulator 
S5 layer is deposited under a sputtering condition of a gas pressure of 2 to 100 mTorr and a forming rate of 0.1 to 100 
nm/min befor said surface layer of said insulator layer is deposit d under a sputtering condition of a gas pressure of 
0.1 to 1 mTorr and a forming rate of 0.1 to 100 nm/min. 

In a further embodiment of the electron emission device of the invention, said insulator layer is made of a dielectric 
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substanc and has a film thickness of 50 nm or gr ater which is formed through a sputtering method by using a mixtur 
gas ess ntially comprising a rare gas in such a manner that a portbn oth r than said surface lay r of said insulator 
layer is deposited under a sputtering condition of a gas pr ssur of 0.1 to 100 mTorr and a forming rat of 20 to 100 
nnn/min before said surfac layer of said insulator layer is deposited under a sputtering condition of a gas pressure of 
s 0. 1 to 1 00 mTorr and a forming rate of 0. 1 to 1 0 nm/min. 

In a still furth r mbodim nt of th I ctron mission d vie of the inv ntion, said mixture gas contains x non or 
krypton. 

In a still further embodiment of the electron emission device of the invention, an electric resistance of said surface 
layer for contacting with said thin-film metal electrode is higher than that of a portion other than said surface layer of 
10 said insulator layer. 

In a stilt further embodiment of the electron emission device of the invention, an electric resistance of said surface 
layer for contacting with said thin-film metal electrode is smoothed by a sputter-etching. 

In a still further embodiment of the electron emission device of the invention, said electron supply layer is made 
of silicon and sakJ insulator is made of silicon oxide. 
IS In another aspect of the invention, an electron emission display device comprises: 

a pair of first and second substrates facing each other with a vacuum space in between; 
a plurality of electron emission devices provided on the first substrate; 
a collector electrode provided in the second substrate; and 
20 a fluorescent layer formed on the collector electrode, 

each of the electron emission devices comprising an electron supply layer of metal or semiconductor; an insulator 
layer formed on the electron supply layer; and a thin-film metal electrode formed on the insulator layer and facing 
a vacuum space, wherein said insulator layer has a smoothed surface layer for contacting with said thin-film metal 
electrode. 

25 

An advantage of the invention is in that the smoothed surface layer for contacting with the thin-film metal electrode 
in the insulator layer secures an electric connection therebetween for uniformly making an electric field applied to the 
insulator layer to improve the stableness of electron emission property of the device. The smoothing treatment is 
achieved by a sputtering method under a sputtering condition in which a gas pressure or a forming rate for the surface 
30 layer of the insulator layer is lower than that for a portion other than the surface layer of the insulator layer 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schennatic cross-sectional view of an electron emission device of an embodiment according to the 
35 invention; 

Fig. 2 is a graph illustrating a dependency of the electron emission current on the film thickness of an SiO^ layer 
in the electron emission device in an embodiment of the invention; 

Fig. 3 is a graph showing a dependency of the electron emission efficiency on the film thickness of the SiO^ layer 
in the electron emission device in the embodiment of the invention; 

Fig. 4 is a graph illustrating a dependency of the electron emission current on the gas pressure in the electron 
emission device in another embodiment of the invention; 

Fig. 5 is a graph showing a dependency of the electron emission efficiency on the gas pressure in the electron 
emission device in another embodiment of the invention; 

Fig. 6 is a graph illustrating a dependency of the electron emission current on the deposition rate in the electron 
45 emission device in another embodiment of the invention; 

Fig. 7 is a graph showing a dependency of the electron emission efficiency on the deposition rate in the electron 
emission device in another embodiment of the invention; 

Fig. 8 is an SEM photograph showing a surface of an insulator layer deposed by the sputtering method for an 
embodiment of the invention in which a particle structure appears; 
50 Fig. 9 is an SEM photograph showing a surface of an insulator layer deposed by a CVD method for a comparative; 

Fig. 10 is an energy band diagram illustrating a large thicknessnnsulator layer structure of an electron emission 
device according to the present invention; 

Fig. 11 is a schematic cross-sectional view showing an electron emission device of an embodiment according to 
the inventkxi in which a surface layer is provided with the insulator layer; 
5S Fig. 12 is a graph illustrating a dep ndency of the el ctron emission cun-ent on the film thrckness of an SiO^ 

insulator lay r in an lectron mission device embodying the invention; 

Fig. 13 is a graph showing a dep ndency of the electron mission efficiency on the film thickness of the SiOg 
insulator layer in the electron emission device embodying the inventran; 
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Fig. 14 is a graph illustrating a relationship betw en the emission current I and th driving voltag Vd applied for 
driving the electron emission device of an embodiment according to th invention together with that of a comparative 
electron emission devic ; 

Figs. 15A and 15B are graphs illustrating fluctuations of emission current with the lapse of time in the lectron 
emission device of the mbodiment and the comparativ electron emission d vie r spectiv ly; 
Fig. 16 is a graph illustrating a dep nd ncy of the electron mission curr nt on th atomic ratio x of an S\(\ layer 
in the electron emission device according to the invention; 

Fig. 17 is graph showing a dependency of the electron emission efficiency on the atomic ratio x of the SiO^ '^V®'' 
in the electron emission device according to the invention; 

Fig. 18 is a graph illustrating a dependency of the electron emission cun-ent on the refractive index of an SiC\ layer 
in the electron emission device embodying the invention; 

Fig. 1 9 is a graph showing a dependency of the electron emission efficiency on the refractive index of the SiO^ 
layer in the electron emission device embodying the invention; 

Fig. 20 is an energy band diagram illustrating an interface between a metal and a semiconductor of an electron 
emission device according to the present invention which show a lowered Schottky barrier caused by the combined 
effects of the image force and the electric field applied to the interface; 

Fig. 21 is a graph showing a relationship between a dielectric constant of insulator layer and the emission current 
in an electron emission device according to the invention; 

Fig. 22 is a graph showing a relationship between a dielectric constant of insulator layer and the electron emission 
efficiency in the electron emission device according to the invention; 

Fig. 23 is a graph illustrating a dependency of the electron emission current on the film thickness of an insulator 
layer in the electron emission device embodying the invention; 

Fig. 24 is a graph showing a dependency of the electron emission efficiency on the film thickness of the insulator 
layer in the electron emission device embodying the invention; 

Fig. 25 is a schematic cross-sectional view of an electron emission device of another embodiment according to 
the inventbn which emits light toward both sides; 

Fig. 26 is a schematic cross-sectional view showing an electron emission device of a further embodiment according 
to the invention which has an intermediate layer disposed between the thin-film metal electrode and the insulator 
layer; 

Fig. 27 is a graph illustrating a dependency of the electron emission current on the film thickness of an SiO^ layer 
in the electron emission device in another embodiment of the invention; 

Fig. 28 is a graph showing a dependency of the electron emission efficiency on the film thickness of the Si02 '^V®'' 
in the electron emission device in another embodiment of the invention; 

Fig. 29 is a graph illustrating a relationship between the emission current le and the driving voltage Vd applied for 
driving the electron emissbn device of an embodiment according to the invention; 

Fig. 30 is an partly enlarged schematic cross-sectional view showing an electron emission device of a still further 
embodiment according to the invention which has an electron emission layer disposed on an outer surface of the 
thin-film metal electrode; 

Fig. 31 is a graph illustrating a dependency of the electron emission current on the film thickness of an SiO^ layer 
in the electron emission device shown in Fig. 30; 

Fig. 32 is a graph showing a dependency of the electron emission efficiency on the film thickness of the Si02 layer 
in the electron emission device shown in Fig. 30; 

Fig. 33 is a graph illustrating a relationship between the emission current le and the driving voltage Vd applied for 
driving the electron emissbn device shown in Fig. 30; 

Fig. 34 is an partly enlarged schematic cross-sectional view showing an electron emission device of another em- 
bodiment according to the invention in which the thin-film metal electrode has a regbn containing atomic elements 
each having a work function which is tower than that of the thin-film metal electrode; 

Fig. 35 is a graph illustrating a dependency of the electron emission current on the film thickness of an SiO^ 
insulator layer in the electron emission devtoe shown in Fig. 34; 

Fig. 36 is a graph showing a dependency of the electron emission efficiency on the film thickness of the SiO^ 
insulator layer in the electron emission device shown in Fig. 34; 

Fig. 37 is a graph illustrating a relationship between the diode current Id for driving the device and the emission 
current le in the electron emission device shown in Fig. 34; 

Fig. 38 is a graph illustrating a fluctuation of emission cun-ent with the lapse of time in the electron emission device 
shown in Fig. 20; 

Fig. 39 is a graph illustrating a fluctuation of mission current with th lapse of time in a comparativ lectron 
emission devic which has no region containing atomic elements each having a work function which is lower than 
that of the thin-film metal electrode; 



8 



EP 0 863 533 A1 



Fig. 40 is a graph illustrating r lationships ot both Ih diod curr nt Id and th mission curr nt I with respect to 

th driving voltag Vd appli d for driving the lectron emission devic shown in Fig. 20; 

Fig. 41 is an partly niarged schematic cross-sectbnal view showing an electron emission devic of a further 
mbodiment according to the invention in which the insulator layer has a region containing atomic elements each 
s having a work function which is lower than that of th thin-film metal lectrode; 

Fig. 42 is a schematic cross-sectional view showing an electron mission d vie of a still further embodiment 

according to the invention in which a thermal conductive layer is provided within the insulator layer; 

Fig, 43 is a graph illustrating a dependency of the electron emission current on the film thickness of an SiO^ 

insulator layer in an electron emissbn device embodying the invention; 
10 Fig. 44 is a graph showing a dependency of the electron emission efTiciency on the film thickness of the SiO^ 

insulator layer in the electron emission device embodying the invention; 

Fig. 45 is a graph showing changes in temperature of the electron emission device with the lapse of time in an 
embodiment according to the invention as well as an comparative electron emission device whbh has no thermal 
conductive layer; 

IS Figs. 46A and 46B are graphs illustrating fluctuations of emission current with the lapse of time in the electron 

emission device of the embodiment having a thermal conductive layer provided within the insulator layer and the 
comparative electron emissbn device respectively; and 

Fig. 47 is a schematic perspective view showing an electron emission display device according to one embodiment 
of the invention. 

20 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Preferred embodiments according to the present invention will be described in more detail with reference to the 
accompanying drawings. 

25 

<Electron emission devk:e with a thick insulator taver> 

As shown in Fig. 1 , an electron emissbn device embodying the inventbn has an ohmic electrode 11 of Al previously 
formed on a devbe substrate 10. The electron emission device has also an electron supply layer 12 of metal or sem- 

30 iconductor such as Si or the like, an insulator layer 1 3 of SiO^ such as Si02 or the like and a thin-film metal electrode 
15 of metal such as Au facing a vacuum space which are layered or formed on the ohmic electrode in the described 
order. A pair of the device substrate 10 of a first substrate and a the transparent substrate 1 are supported so as to 
face each other sandwiching a vacuum space therebetween. On the internal surface of the transparent substrate 1 . a 
transparent collector electrode 2 and a fluorescent layer 3R, 3G or 33 of fluorescent substance are formed in turn. 

35 The insulator layer 13 is made of a dielectrb substance and has a very large film thickness of 50 nm or greater. 

The electron emission device can be regarded as a diode of which the thin-film metal electrode 1 5 at its surface is 
connected to a positive potential Vd and the back, i.e., ohmic electrode 11 is connected to a ground potential. The 
electron emission device emits electrons when an electric field is applied between the electron supply layer and the 
thin-film metal electrode. When the driving voltage Vd is applied between the ohmic electrode 11 and the thin-film metal 

40 electrode 1 5 to supply electrons into the electron supply layer 1 2, a diode current Id flows. Since the insulator layer 1 3 
has a high resistance, most of the applied electrb field is applied to the insulator layer 13, The electrons travel inside 
the insulator layer 1 3 toward the thin-film metal electrode 1 5. Some of the electrons that reach near the thin-film metal 
lectrode 1 5 tunnel through the thin-film metal electrode 1 5, due to the strong field, to be discharged out into the vacuum 
space. 

45 The electrons e (emission current le) discharged from the thin-film metal electrode 15 by the tunnel effect are 

accelerated by a high voltage Vc which is applied to the opposing transparent collector electrode 2. and is collected 
at the collector electrode 2. When the fluorescent substance is coated on the collector electrode 2, corresponding 
visible light is emitted. 

While Si is particularly effective as a material for the electron supply layer 12 of the electron emission device, an 
so elemental semiconductor or a compound semiconductor of an element of a group IV, a group lll-V, a group II- VI or the 
like, such as a germanium (Ge), silicon carbide (SiC), gallium arsenide (GaAs), indium phosphide (InP), or cadmium 
selenide (CdSe) can be used as well. 

While metals such as Al. Au, Ag and Cu are effective as the electron supplying material, Sc, Ti, V, Cr, Mn, Fe, Co, 
Ni, Zn, Ga, Y, Zr, Nb, Mo. Tc, Ru, Rh, Pd, Cd. Ln, Sn, Ta. W, Re, Os. Ir, Pt, TI, Pb, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, 
ss Tb, Dy, Ho, Er, Tm, Yb, Lu and th lik can be used as well. 

Silicon oxid SiO^ (wherein subscribed x represents an atomic ratio) is effectiv as the dielectric material of the 
insulator layer 1 3 and, metal oxides or metal nitrides such as LiO^, LiN^, NaO^ , KO^, RbO^, CsO^, BeOj^, MgO^, MgN^, 
CaOx, CaNjt, SrO^, BaO^, ScO^, YO^, YNj^, LaO^, LaN^. CeO^^, PrO^, NdO,, SmO^, EuO^, GdO^, TbO^, DyO^, HoO^, 
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ErOj(, TmOjj, YbOx, LuOx. T\0^, TiN^. ZrO^. ZrN^. HfO^, Hfl^, ThOx, VO^, VN^. NbO^. TaOx, TaNj^, CrOj^. CtN^, MoO^, 
MoN^. WOj(, WNx, MnOx, ReO^, FeOj^, FeN^. RuO^. OsO^, CoO^, RhO^, IrO^, NlOx, PdO^, PtO^, CuO^, CuN^. AgO^, 
AuOx. ZnO^, CdO^. HgO^, BOj,, BN^, AIO^, AIN^, GaO^, GaN^. InO^. T\0^, TiN^, SiN^, GeO^, SnO^, PbO^, PO^, PN^. 
AsO)(. SbOx, SeOx, TeO^ and Ih lik can be used as well. Furthermore, metal compi x oxides such LiAlO^, Li2Si03, 

5 LiaTiOa, Na2Al22034. NaF O2. Na4Si04. K2Si03, KaTiOg, K2WO4, Rb2Cr04, Cs2Cr04, MgAl204, MgFe204, MgTiOa. 
CaT103, CaW04, CaZrOa, SrF 12O19, SrTiOa, SrZr03, BaAl204, BaF 12O19. BaTOg. Y3AI5O12, Y3F 5O12, LaFeOg, 
La3Fe50i2, La2Ti207, CeSn04, CeTi04, Sm3Fe50^2, EuFeOg, Eu3Fe50i2. GdFeOs, Gd3Fe50i2, DyFeOs, Dy3Fe50i2, 
HoFe03, H03Fe5Oi2» ErFeOa, ErgFegOia. TrngFegOig. LuFeOs, Lu3Fe50i2, NiTOs, Al2Ti03, FeTiOg. BaZr03, LiZr03, 
MgZrOg, HWO^, NH4VO3, AgV03. LiV03, BaNbaOg, NaNbOg, SrNbgOe. KTaOg, NaTaOa, SrTagOe. CuCr204, 

10 Ag2Cr04, BaCr04, K2M0O4, Na2Mo04, NiMo04, BaW04, Na2W04, SrW04, MnGr204, MnFe204, MnTiOg, MnW04. 
CoFe204, ZnFe204, FeW04, C0M0O4, C0T1O3, C0WO4, NiFe204, NiW04, CuFe204, CUM0O4, CUTIO3, CUWO4, 
Ag2Mo04, Ag2W04, ZnAl204. ZnMo04, ZnW04, CdSnOa. CdTlOa, CdMo04. CdW04, NaAIOa. MgAl204, SrAl204, 
Gd3Ga50i2, lnFe03. Mgln204, Al2Ti05, FeTi03, MgTi03, NaSiOs, GaSiOa, ZrSi04, K2Ge03, Li2Ge03, Na2Ge03, 
Bi2Sn309, MgSnOs, SrSnOg, PbSiOg, PbMo04, PbTi03, Sn02-Sb203, CuSe04, Na2Se03, ZnSeOa. KgTeOg, K2Te04, 

IS Na2Te03, Na2Te04 and the like can be used as well and still furthermore, sulfides such as FeS, AI2S3, MgS, ZnS and 
the like, fluorides such as LiF, MgF2, SmFs and the like, chlorides such as HgCI, FeCl2, CrCl3 and the like, bromides 
such as AgBr, CuBr, MnBr2 and the like, iodide such as Pbl2, Cul, Fel2 and the like and metal oxkJized nitrides such 
as SiAION and the like can be used as well for the insulator layer. 

Moreover, carbon such as diamond, Fulleren (C2n) and the like or metal carbide such as AI4C3, B4C, CaC2, Cr3C2, 

20 M02C, MoC, NbC, SiC, TaC, TiC, VC, WgC, WC, ZrC and the like are also effective as the dielectric material of the 
insulator layer 1 3. Fulleren (C2n) consists of carbon atoms. The representative Oqq is a spherical surface basket mol- 
ecule as known a soccer ball molecule. There is also known G32 to Cqqq and the like. The subscribed x in O^, and 
the like in the above chemical formulas represent atomic ratios and also herein after. 

The film thickness of the insulator layer 1 3 may be 50 nm or greater preferably 100 to 1 000 nm and more preferably 

25 100 to 700 nm. 

Metals R, Au, W, Ru and I rare effective as the material for the thin-film metal electrode 1 5 on the electron emission 
side. In addition, Al, Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Gu, Zn, Ga, Y, Zr, Nb, Mo, Tc, Rh, Pd. Ag, Cd, Ln, Sn, Ta, Re, Os, 
Tl, Pb, La, Ge, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu and the like can be used as well for the thin-film 
metal electrode. 

30 The material for the device substrate 10 nnay be ceramics such as AI2O3, Si3N4 or BN instead of glass. 

Although sputtering is particularly effective in forming those layers and the substrate, vacuum deposition, CVD 
(Chemical N^por Deposition), laser aberration, MBE (Molecular Beam Epitaxy) and ion beam sputtering are also ef- 
fective. 

Electron emissran devices according to the invention were fabricated and their characteristrcs were examined 
35 concretely. 

An electron supply layer of silicon (Si) was formed at 5000 nm thick, by sputtering, on an electrode surface of a 
device substrate 10 of glass on whbh an ohmic electrode of Al was previously formed 300 nm thick by sputtering. A 
plurality of Si substrates of this type were prepared. 

Then, insulator layers of Si02 were formed on the electron supply layers of the Si substrates by sputtering respec- 
40 tively while changing the film thickness thereof in a range from 0 nm to 500 nm. Thus a plurality of SiO^-insuIator 
substrates were provided. Each Si02 insulator layer was formed by sputtering by using a gas of Ar, Kr or Xe or a 
mixture thereof, or a gas mixture essentially consisting of one of those rare gases with O2, N2> H2 or the like mixed 
therein, underthesputteringconditionsof a gas pressure of 0.1 tolOOmTorr, preferably 0.4 to 40 mTorr and the forming 
rate of 0.1 to 1000 nm/min, preferably 0.5 to 100 nm/min. The used target was made of Si02. The material such as 
45 SiO, Si or a composite thereof may be used for the target of sputtering. An RF supply may be used for a non -conductive 
target, and the RF or DC supply may be used for a conductive target. The sputtering device was controlled by properly 
altering the sputtering target and sputtering conditions in order to obtain a single layer or multilayer structure, the 
amorphous or crystal phase, the grain size and the atomic ratio of the goal insulator layer 13. 

The analysis on the Si02 insulator layer in this embodiment by using an X-ray diffraction was performed and then 
50 the result showed some diffraction intensity Ic caused by the crystal portion and some hato intensity la caused by the 
amorphous phase. It can be assumed from this result that Si02 of the insulator layer consists of a dispersed polycrystal 
portion and an amorphous phase portion. 

Finally, a thin-film metal electrode of R was formed at a 10 nm thick on the surface of the amorphous SiO^ layer 
of each substrate by sputtering, thus providing plural device substrates. 
55 Meanwhile, transparent substrates were prepared, each of which has an ITO collector I ctrod formed inside a 

transparent glass substrate and has a fluorescent layer of a fluorescent substanc con* spending to R, G or B color 
emission formed on the collector electrode by the normal scheme. 

Electron emission devices were assembled in each of which the device substrat and the transparent substrate 
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are support d apart from on anoth r by 10 mm in parallel by a spacer in such a way that th thin-film metal lectrod 
15 faced the collector electrode 2, with the clearanc ther b tween made to a vacuum of 10''' Torr or lO^^ Pa. 

Then, th diode curr nt Id and th emission current le corresponding to th thickn ss of the SiO^ film of ach of 
the acquired plural devices were measured. 
5 Figs. 2 and 3 show the relationships betw en th film thickness of each SiO^ layer and th maximum emission 

current I , and betw n the film thickn ssandth rr^ximum electron mission fficiency (le/ld) for ach film thickness 
respectively when a driving voltage Vd of 0 to 200 V was applied to the prepared electron emission devices. As apparent 
from Figs. 2 and 3. while the emission current and the electron emission efficiency were saturated from the thickness 
of 50 nm, the devices whose SiP2 layers had thicknesses of 300 to 400 nm showed the maximum emission current of 
10 about 1 X 10-3 A/cm2 and the maximum electron emission efficiency of about 1 x 10"^ 

It is understood from those results that by applying a voltage of 200 V or bwer. the emissbn current of 1 x 10^ A/ 
cm2 or greater and the electron emission efficiency of 1 x 10^ or greater can be acquired from an electron emission 
device which has an Si02 dielectric layer 50 nm or greater in thickness, preferably 100 to 400 nm in thickness. 

With a voltage of approximately 4 kV applied between the fluorescent-substance coated collector electrode and 
IS the thin-film metal electrode, a uniform fluorescent pattern corresponding to the shape of the thin-film metal electrode 
was obsen/ed in the devices whose Si02 layers have thicknesses of 50 nm or greater. This shows that the electron 
emission from the amorphous Si02 layer is uniform and has a high linearity, and that those devices can serve as an 
electron emission diode, or a light-emitting dkxJe or laser diode which emits electromagnetic waves of infrared rays, 
visible light or ultraviolet rays. 

20 Next, various electron emission devices were manufactured through the same manner as the above embodiments 

except that the insulator layers each having a 400 nm thickness were fomried while controlling the sputter conditions 
of the mixture gas pressure or the forming rate i.e., depositkn rate of Si02 respectively. There were measured the 
diode current Id and the emission current le corresponding to the mixture gas pressure or the forming rate i.e., deposition 
rate of Si02. 

25 Figs. 4 and 5 show the relationships between the gas pressure for deposition of SiO^ and both the maximum 

emission current le and the nnaximum electron emission efficiency (le/ld) respectively. As seen from these Figures, it 
is understood that the emission current of 1 x 10* AJcrn^ or greater and the electron emission efficiency of 1 x 10-^ or 
greater can be acquired from an electron emission device which has an SiO^ insulator layer formed at a gas pressure 
of 0.1 to lOOmTorr. 

30 Figs. 6 and 7 show the relationships between the deposition rate of Sip2 layer and both the maximum emission 

current le and the maximum electron emission efficiency (le/ld) respectively. As seen from these Figures, it is under- 
stood that the emission current of 1 x 10* A/cm^ or greater and the electron emission efficiency of 1 x 10-3 or greater 
can be acquired from an electron emission device which has an Si02 insulator layer formed at a deposition rate of 0.5 
to 100 nnn/min. 

35 When there were observations of the surface of the SiO^ insulator layer by a scanning electron microscope (SEM) 

during the above formation process, grain surface each having an about 20 nm diameter appeared in comparison with 
that fomned by CVD. Figs. 8 and 9 are SEM photographs showing surfaces of insulator layers deposed by the sputtering 
method and the CVD method respectively. 

The peculiar phenomenon that the tunnel current flows through the insulator layer which has a thickness of 50 nm 

40 or greater seems to be originated from the grain structure of SiO^ of the insulator layer. As shown in Fig. 1 0, while Si02 
is an insulator by nature, multiple bands with low potentials are caused by the grain structure defects adjacent thereto 
or impurities in the insulator layer. It is assumed that electrons tunnel through one low-potential band after another, 
and thus tunnel through the insulator layer of 50 nm or greater in thickness as a consequence. 

45 <Smoothinq of an insulator laver> 

As shown in Fig. 11, an electron emission device of this embodiment has an electron supply layer 12 of metal or 
semiconductor, an insulator layer 13, a surface layer 14 and a thin-film metal electrode 15 facing a vacuum space 
which are layered or formed in turn on an ohmic electrode 11 previously formed on a device substrate 10. The electron 

50 emission device emits electrons from the thin-film metal electrode 15 to the vacuum space when an electric field is 
applied between the electron supply layer 12 and the thin-film metal electrode 15. The surface layer 14 contacting with 
the thin-film metal electrode 15 has an about 5 nm thick and is snrKX)thed. Concretely, the smoothing of the surface 
layer 1 4 included in the insulator layer 1 3 is achieved through a sputtering method under a sputtering condition in which 
a gas pressure or a forming rate for the surface layer of the insulator layer is lower than that for a portron other than 

55 the surfac layer 14 in th Insulator layer, as mentioned in detail lat r. The snrKX>thed surfac lay r 14 is in a high 
density and has an electrrcr sistanc higher than that of th portion oth rthanth surfac layer 14 of the insulator layer 
Next, various lectron emission devices were manufactured through th same manner as the above embodiments 
except the Si02 insulator layer 13 with the surface layer 14. The after steps of forming an electron supply layer was 
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p rform d per one substrat as follows: 

The Si02 insulator lay r was formed on an electron supply layer by sputtering by using a gas of Ar, Kr or Xe or a 
mixtur thereof, or a gas mixtur essentially consisting of one of those rare gases with O^, ^2 ^ ''^^ mixed 
therein. Every SiO^ insulator layer was formed in such a way that Si02 was firstly deposit d on the electron supply 
5 lay r 12 under sputt ring conditions of a gas pressure of 2 to 100 mTorr and a forming rate of 0.1 to 100 nm/min 
pref rably 0.5 to 100 nm/min until a pred termined thickn ss and was subsequ ntly d pos d as a surfac lay r at 
about 5 nm under sputtering conditions of a gas pressure of 0.1 to 1 mTorr and a the same forming rate. We observed 
the deposited surface of the Si02 insulator layer was with a scanning electron microscope (SEM). and then recognized 
the surface being as more srrK)othed as before. We measured an electric resistance values both of the deposited Si02 
10 surface layer and a portion other than the surface layer of the insulator layer, so that the former was 1 x 10^^ Hem and 
the later was 1 x 10^^ Qcm. It was understood that the electric resistance of the surface layer for contacting with the 
thin-film metal electrode is higher than that of the portion other than the surface layer of the insulator. 

In addition, the high electric resistance of the surface layer is achieved by changing the deposition rate of SiO^ 
instead of the gas pressure. Namely, the Si02 insulator layer may be deposited by the sputtering using a gas of Ar, Kr 
IS or Xe or a mixture thereof, or a gas mixture essentially consisting of one of those rare gases with O^, Ng. H2 or the like 
mixed therein under a first sputtering condition of a gas pressure of 0.1 to 100 mTorr and a forming rate of 20 to 100 
nm/min for the portion other than the surface layer and a second sputtering conditbn of the same gas pressure and a 
forming rate of 0.1 to 10 nm/min for the SiOg surface layer with about 5 nm of the insulator layer. 

The use of Ar for the sputter gas carries out the smoothing of the Si02 surface layer of the insulator layer in the 
20 sputtering process. Further, the use of mixture gas of rare gas containing partly or wholly xenon (Xe) or krypton (Kr) 
contributes the more fine snrKX)thing of the surface layer. 

In addition to the two-step sputtering above mentioned, the snrKX>thing of the surface layer may be achieved by a 
sputter etching i.e., inverse sputtering so that, after depositing the Si02 insulator layer, the surface thereof is etched 
out by the inverse sputtering to form a snrxx^thed surface on the insulator layer The sputter etching may be performed 
25 by using a gas of Ar. Kr or Xe under sputtering condition of a gas pressure of 1 to 1 00 mTorr and an electric power of 
50 to 1000 W in a time period of 1 to 60 minutes. 

Finally, a thin-film metal electrode of R was formed at a 10 nm thick on the surface of the anDorphous SiO^ layer 
of each substrate by sputtering, thus providing plural device substrates. 

Meanwhile, transparent substrates were prepared in such a manner that an ITO collector electrode was formed 
30 inside the transparent glass substrate and then a fluorescent layer was formed on the collector electrode by a normal 
scheme respectively. 

Electron emission devices were assembled in each of which the device substrate and the transparent substrate 
are supported apart from one another by 1 0 mm in parallel by a spacer in such a way that the thin-film metal electrode 
15 faced the collector electrode 2, with the clearance therebetween made to a vacuum of 10-^ Torr or 10-^ Pa. 

35 Then, the diode current Id and the emission current le corresponding to the thickness of the SiO^ film (insulator 

layer) of each of the acquired plural devices were measured. 

Figs, 12 and 1 3 show the relationships between the film thickness of each SiO^ layer and the maximum emissbn 
current le, and between the film thickness and the maximum electron emission efficiency (te/ld) for each film thickness 
respectively when a driving voltage Vd of 0 to 200 V was applied across the thin-film metal electrode and ohmic electrode 

^ of a ground potential in each prepared electron emission device. As apparent from Figs. 1 2 and 1 3. while the emission 
current and the electron emission efficiency were saturated from the thickness of 50 nm. the devices whose SiO^ layers 
had thicknesses of 300 to 500 nm showed the maximum emission current of about 1x10^ A/cm^ and the maximum 
electron emission efficiency of about 1 x 10"^. 

It is understood from those results that by applying a voltage of 200 V or lower, the emission current of 1 x 10^ A/ 

45 cm^ or greater and the electron emission efficiency of 1 x 10^ or greater can be acquired from an electron emission 
device which has an Si02 dielectric layer 50 nm or greater in thickness, preferably 100 to 500 nm in thickness. 

Next, comparative electron emission devices were manufactured through the same manner as the above embod- 
iments except the Si02 insulator layer 1 3 without smoothing. The emission currents le of the electron emissbn devices 
both of the embodiment and the comparative are measured. 

50 Fig. 14 shows a property relationship between the emission current le and the driving voltage Vd of the electron 

emission devices both of the embodiment and the comparative electron emission when a driving voltage Vd of 0 to 
100 V was applied across the thin-film metal electrode and ohmic electrode of a ground potential in each prepared 
electron emissbn device. In Figure, the plots A denote a property of emission current of the devbe having the smoothed 
surface layer in the insulator layer and the plots B denote that of non-smoothed one. As seen from Fig. 14. the device 

55 having th smoothed insulator layer began to emit electrons at a driving voltage Vd of about 50 V and reached to an 
emission current I of 2 x 1 0"^ A/cm^ at a driving voltag Vd of about 70 V. In contrast, th d vie without any smoothed 
insulator layer began to emit electrons at a driving voltage Vd of about 70 V and reached to an emission current le of 
2x10*^ A/cm2 at a driving voltage Vd of about 90 V In this way, the smoothing of the insulator layer in the electron 
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emission device provided to reduce th driving voltage for th device. 

Moreov r, fluctuations of th mission curr nt I of th electron emission device both of th embodiment and the 
comparativ ar measured. Fig. 1 5A shows the fluctuation of emissbn curr nt with the taps of tim in the lectron 
emission device having a smoothed insulator lay r and Fig. 1 5B shows th same of th comparative lectron emission 
d vice having no smoothed insulator layer As apparent from thes Figures, the snrKXDthing of the insulator layer in the 
lectron emission device restricted th fluctuatbn of mission current to make the mission current le of the I ctron 
emission device stable. 

<Oxvgen atomic ratio of Insulator laver> 

Next, various electron emission devices were manufactured through the same nnanner as the above embodiment 
except that the atomic ratio x of oxygen (O) in SiO^ of the insulator layers each having a 400 nm thickness is changed 
by controlling the sputter conditions. There were measured the diode current Id and the emission current le corre- 
sponding to the oxygen atomic ratio x of SiO^. 

Figs. 16 and 17 show the relationships between the oxygen atomic ratio x of SiO^ layer and both the maximum 
emission current le and the maximum electron emission efficiency (le/ld) respectively. As seen from these Figures, it 
is understood that the emission current of 1 x 10^ A/cm^ or greater and the electron emissbn efficiency of 1 x 10~^ or 
greater can be acquired from an electron emission device which has an Insulator layer of amorphous SiO^ having an 
oxygen atomic ratk> x of 0.5 to 2. 

<Refractive index of Insulator laver> 

Furthermore, the forgoing electron emission devices were measured the diode current Id and the emission current 
le corresponding to the refractive index of the insulator layer. 

Figs. 1 8 and 1 9 show the relationships between the refractive index of SiO^ layer and both the maximum emission 
current le and the maximum electron emission efficiency (le/ld) respectively. As seen from these Figures, it is under- 
stood that the emission current of 1 x 10"® A/cm^ or greater and the electron emisskxi efficiency of 1 x 10"^ or greater 
can be acquired from an electron emission device which has an insulator layer of SiO^ having an refractive index of 
1.3 to 3.0. It is under stood that the insulator layer is made of silicon oxkJe as a major component of SiQ^ where x 
represents an atomic ratk> satisfying a refractive index in a range of from 1 .3 to 3.0. 

<Dielectric constant of Insulator laver> 

The junction interface between metal and semiconductor in the electron emission device is similar to the Schottky 
diode. We take a notice of dielectric constant and consider the potential barrier between the electron supply layer 12 
and the insulator layer 1 3 in the Ml M structure of the devrce comprising the electron supply layer 1 2, the insulator layer 
1 3 and the thin-film metal electrode 15. 

As shown in Fig. 20 there is a potential barrier in the interface of metal/insulator (semiconductor) in which carriers 
travel so as to match the Fermi level at an initial state. 

The Schottky barrier OB has a height from the Fermi level to the conduction band of the insulator (semiconductor) 
in the junction interface. When an electron (charged Q) travels from metal of the electron supply layer to the insulator 
layer through the interface of metal/insulator, the potential energy of an electron at a distance X from the metal surface 
is an image potential energy A plotted in broken line shown in Fig. 20. When an external electric fieW B plotted in 
broken line shown in the Figure is applied, the sum of the image potential energy and the external electric field is equal 
to the total potential energy. The Schottky barrier lowering A OB therefore occurs from Schottky barrier OB at the 
locatbn X^^^j^ as shown in cun^e C in Fig. 20. When the high electric fiekj is applied to the interface of metal/insulator, 
the work function lowering A OB is estimated by the following formula. 

A OB=(qE/4 n e^e^ )^^ 

where E denotes an intensity of an applied electric field, q denotes a charge quantity, denotes a dielectric constant 
of the insulator , and cq denotes the dielectric constant of vacuum space. 

In other words, it is understood that, as the higher applied electric field is and the lower dielectric constant of the 
insulator is, the height of barrier becomes lower (i. A O B becomes larger) so as to facilitate the injection (tunneling) 
of lectrons from metal to semiconductor. Therefore, th selection of the insulator mat rial having a low dielectric 
constant is effective to lower the height of barrier. The following Table 1 shows various materials, their dielectric con- 
stants £3 and their electric resistance values respectively. 
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Table 1 





uieieciric conbioni 


cicciiic 1 sisicince (izcm^ 


Si 


11.9 


2.3 X 106 


SiO 


6 




Si02(crystal) 


5.8 


>101'» 


Si02(amorphous) 


3.9 


104-1016 


Al203(nonmal) 


9.2 


>10i'» 


AI2O3 


O.D~lU.OO 




(high purrty alumina) 






Bed 


6.4 


>10i'» 


ZnS 


5.2 




ZnO 


9.0 




CaF2 


6.76 




Si3N4(amorphous) 


7.5 


>10i'» 


SiC 


10.0 




Ta203 


8 




ZrOg 


28 




Ti02 


40 




Steatite (MgO-SiOg) 


5.9 





Electron emission devices according to the invention were fabricated by using Si02, SiO, AlgOg, SiC, Ta203 for 
30 the insulator and their characteristics were examined specifically 

Amorphous SiO^, fusion silica (from Coming incorporated 7940 : £^=3.78), and Pyrex™ (from Coming incorporated 
7740 : £3=4.6) were used as S'lO^. The fusion silica has the same dielectric constant as quartz. 

An electron supply layer 12 of silicon (Si) was formed at 5000 nm thick, by sputtering, on an electrode surface of 
a device substrate 10 of glass on which an ohmic electrode 11 of tungsten (W) was previously formed 300 nm thick 
3S by sputtering. Various substrates with the SI supply layer of this type were prepared. 

Then, various insulator layers 1 3 above mentioned were formed on the Si electron supply layers 1 2 of the substrates 
by sputtering while changing the film thickness of the insulator layer in a range from 50 nm to 1000 nm. Thus different 
substrates with the insulator layer were provided. Each insulator layer was formed by sputtering by using a gas of Ar, 
Kr or Xe or a mixture thereof, or a gas mixture essentially consisting of one of those rare gases with C^, N2 or the like 
40 mixed therein, under the sputtering conditions of a gas pressure of 0.1 to 100 mTorr, preferably 0.1 to 20 mTorr and 
the forming rate i.e., deposition rate of 0.1 to 1000 nm/min, preferably 0.5 to 100 nm/min. The single layer or multilayer 
structure, the amorphous or crystal phase, the grain size and the atomic ratb of each insulator layer 1 3 was able to 
be controlled by properly altering the sputtering target and sputtering conditions of the sputtering device. 

The analysis on an Si02 insulator layer 13 in this embodiment by X-ray diffraction was performed and then the 
45 result showed some halo intensity la caused by the amorphous phase. It can be assumed from this result that SiO^ of 
the insulator layer consists of an amorphous phase portion. 

Finally, a thin-film metal electrode 15 of Pt was formed at a 10 nm thick on the surface of the insulator layer 1 3 of 
each substrate by sputtering, thus providing plural device substrates. 

Then, transparent substrates 1 were prepared, each of which has an ITO collector electrode 2 formed on the inside 
so thereof. Fluorescent layers 3 of fluorescent substances corresponding to R, G and B color emissions were formed on 
the separate collector electrodes by the normal scheme. 

Electron emission devices were assembled in such a manner that each pair of the device substrate and the trans- 
parent substrate are supported apart from one another by 10 mm in parallel by a spacer so that the thin-film metal 
electrode faces the collector electrode, with the clearance therebetween made to vacuum of lO^^ Torr or 10^^ Pa. 
55 Then, the diode current Id and the emission current I of each of th acquired plural devices with 400 nm thickn ss 

insulator layer were measured with respect to the dielectric constant of materials while a driving voltage Vd of 0 to 200 
V was applied to th pr pared electron mission devices. Fig. 21 shows a relationship between a dielectric constant 
of the insulator lay r and the emission curr nt in the lectron emission d vie . Fig. 22 shows a r lationship betw en 
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a dielectric constant of insulator layer and the electron mission efficiency in th lectron emission d vice. In thes 
Figur s, th plots of ■ denot the mission current le and th electron emission effici ncy (le/ld) of the d vice having 
th insulator lay r of fusion silica, □ denot amorphous SiO^, A denote Pyrex, A d not SiO, ♦ denote 13203, 0 denote 
AI2O3, and(9)denote SiC respectiv ly. As apparent from th results, there a tendency that the emission curr nt I and 
5 the lectron emission efficiency (le/ld) deer as as th dielectric constant increases. It is understood that d vices using 
the material having a dielectric constant of 8 or I ss .g., fusion silica, TagOQ, amorphous SiO^, Pyrex, SiO have an 
electron emission efficiency of 1 x 10^ or more. 

The maximum emission current le and the maximum electron emissbn efficiency (le/ld) were further measured 
with respect to the film thickness of the amorphous SiO^ layer while a driving voltage Vd of 0 to 200 V was applied to 
10 the prepared electron emission devices. Fig. 23 shows a relationship between a film thickness of insulator layer and 
the emission current le in the electron emission device. Fig. 24 shows a relationship between a film thickness of insulator 
layer and the electron emission efficiency (le/ld) in the electron emission device. As apparent from these Figures, the 
device whose amorphous SiO^ layer had a thickness of 50 to 1 000 nm showed the maximum emissk>n current of about 
1 X 10"® A/cHD^ or more and the maximum electron emission efficiency of about 1x10"^ under the applbation of 200V, 
IS To obtain a good electron emission efficiency, it is understood that the insulator layer is made of a dielectric sub- 

stance with a dielectric constant of 8 or less and has a film thickness of 50 nm or greater preferably 1 00 nm or greater 
in the electron emissran device. 

With a voltage of approximately 4 kV applied between the fluorescent-substance coated collector electrode and 
the thin-film metal electrode, a uniform fluorescent pattern corresponding to the shape of the thin-film metal electrode 
20 was obsen^ed in the device whose amorphous SiO^ layers have a thickness of 50 nm or greater This shows that the 
electron emission from the amorphous SiO^ '^y®** '® uniform and has a high linearity. Therefore, those devices can 
sen^e as an electron emission diode or a light-emitting diode i.e., laser diode which emits electromagnetic waves of 
milli-wave or submilli-wave and furthermore as a high speed switching device. 

As mentioned above, the use of a relatively low dielectric constant for the insulator layer is effective in the electron 
25 emission to achieve a high electron emissbn efficiency. Such dielectric materials includes Si02, SiOx(X = 1 to 2), an 
altoy of SiOa and MgO, ZnS, CaFg, SrFg, SiN and the like. 

The change with respect to temperature of dielectric constant of fusion silica (from Corning incorporated 7940) 
used in the above embodiment is measured after the thermal heating process. Table 2 shows as follows: 

30 Table 2 



35 



Temperature of thermal process 


Dielectric constant 


30'*C 


3.7 


300°C 


3.8 


500°C 


3.85 


800°C 


3.9 


lOOO'^C 


3.95 


1 200^0 


3.98 



As seen from Table 2, the change of the dielectrk; constant of fusion silica SiO^ is very small in a range SO^C to 
1200"C and has a thermal stableness. 

The oxides of Ta203, ZrOg, TiOg were easily destructive and difficult in occurrence of negative resistance, and had 
a high conductivity in comparison with oxides of Si, AlON, so that the use of such former oxides is difficult for the 
electron emission device. 

<Light emission at the side of device substrate> 

Each of the forgoing examples of the electron emission devices on the first device substrate 10 is an opaque 
laminatbn comprising the electron supply layer 12, the insulator layer 13 and the thin-film metal electrode 15. The 
second transparent substrate 1 carries the transparent collector electrode 2 and the fluorescent layer(s) 3 . The ob- 
server looks at emission light through the second transparent substrate by ordinary. Such a construction of the electron 
emission device provides only light passing through the transparent collector electrode 2 and the fluorescent layer(s) 3. 

Thus, this xample provides an electron missbn d vice capable of emitting light through the first device substrat 
10 of transparent glass on which, as shown in Fig. 25, the electron supply layer 12 is d posited at a thickness of 100 
nm or less so as to b transparent due to a very thin-film formation. Furthemnore, a light-permeable ohmic electrod 
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11 is also formed of indium tin oxide (so-called ITO), ZnO, 10203, SrO or th like b tw n the electron supply layer 12 
and the first device substrate 10, In addition to th insulator layer 13 having a thickness of 50 nm preferably 100 to 
400 nm thick, the lamination of the ohmic lectrod 11 , the insulator layer 1 3 and the thin-film metal I ctrod 15 is 
very thin as a whole. Therefore, the mitted light form the fluorescent layer(s) 3 fully pass s through such a lamination 
5 on the first d vice substrate 10 of glass. 



<Electron emission device with an allov intermediate laver> 



As shown in Fig. 26, an electron emission device of this embodiment has an electron supply layer 12 of metal or 
10 semiconductor such as Si or the like, an insulator layer 1 3 of SiO^ such as Si02 or the like, an intermediate layer 14 

of an Al-Li alloy and a thin-film metal electrode 15 of metal such as Au fac ing a vacuum space which are layered or /! (4 
fomned in turn on an ohmic electrode 11 of Al prevbusly fonmedon a device substrate 1 0. A pair of the device substrate 
1 0 of a first substrate and a the transparent substrate 1 are supported so as to face each other sandwiching a vacuum 
space therebetween. A transparent collector electrode 2 and a fluorescent layer 3R, 3G or 3B of fluorescent substance 
15 are formed in tum on the intemal surface of the transparent substrate 1 . 

The material used for the thin-film metal electrode 15 is selected from substances each having a high electric 
resistance such as Au, Ag, Al, Cu which have a high work function of 4 (eV) or more. The material used for the inter- 
mediate layer 14 is selected from substances each having a work f unction equal to o r lower than that of the thin-film 

metal electrode 15. ' ' ■ — ^ 

20 For example, a conductive material such as a metal of Ag, Al, Au, Ba, C, Ca, Cd, Cu, Fe, K, Li, Mg, Mo, Na, Nb, (2^ 

Ni, Pb, R, Sb, Si, Sn, Sr. Ta, Ti, Th, W, Zr, or Zn, or an alloy of Al-Li, ln-Li,'Rlg-Sr, Al-Sr or Th-W, or an oxide of BaO. 
SrO or Th02, or a complex oxide such as BaSr02, or a boride such as LaBg, CaBg or SrBg, or a carbide such as ZrC. <?/^ 0- 
or ITO (In02-Sn02) can be used as the intermediate layer 14 dispxjsed between the insulator layer 13 and the thin- 
film metal electrode 15. It should be noted that the material used for the intermediate layer 1 4 is selected from sub- 
25 stances each having a work function equal to or lower than that of the thin-film metal electrode 1 5. 

Electron emission devices according to the invention were fabricated and their characteristics were examined 
concretely. 

An electron supply layer 12 of silicon (Si) was formed at 5000 nm thick, by sputtering, on an electrode surface of 
a device substrate 10 of glass on which an ohmic electrode of Al was previously formed 300 nm thick by sputtering. A 

30 plurality of Si substrates of this type were prepared. 

Then, insulator layers 13 of SiC^ were formed on the electron supply layers 12 of the Si substrate by sputtering 
respectively while changing the film thickness of the insulator layer in a range from 0 nm to 500 nm. Thus a plurality 
of Si02-insulator substrates were provided. The SiO^ insulator layer was formed by sputtering by using a gas of Ar, Kr 
or Xe or a mixture thereof, or a gas mixture essentially consisting of one of those rare gases with O^, N2 or the like 

35 mixed therein, under the sputtering conditions of a gas pressure of 0.1 to 100 mTorr, preferably 0.1 to 20 mTorr and 
the forming rate of 0.1 to 1000 nnn/mln, preferably 0.5to 100 nm/min. To obtain the single layer or multilayer structure, 
the amorphous or crystal phase, the grain size and the atomic ratio of the goal insulator layer 1 3, the sputtering device 
was controlled by properly altering the sputtering target and sputtering conditions. 

The analysis on each Si02 insulator layer in this embodiment by X-ray diffraction was performed and then the 

40 result showed a minor diffraction intensity Ic caused by the crystal portion and a major halo intensity la caused by the 
amorphous phase. It can be assumed from this result that SiO^ of the insulator layer mainly comprises of an amorphous 
phase portk>n. 

Finally, an intermediate layer of an Al-Li alloy was formed at a thickness range of 10 to 100 nm on the surface of 
each amorphous SiOg layer and then a thin-film metal electrode of Pt was formed at a 10 nm thick on the surface of 
45 the intermediate layer of each substrate by sputtering, thus providing plural device substrates with various thickness 
intermediate layers. 

Meanwhile, transparent substrates 1 were prepared, each of whrch has ITO collector electrodes 2 formed inside 
thereof. Fluorescent layers 3 of fluorescent substances corresponding to Red, Green and Blue color emissbns were 
formed on the collector electrodes 2 by the normal scheme respectively 
50 Electron emission devices were assembled by holding those device substrates and transparent substrates apart 

from one another by 10 mm in parallel by a spacer in such a way that the thin-film metal electrode faced the collector 
electrode, with the clearance therebetween made to vacuum of 10-7 Torr or 10-5 pa 

Then, there were measured the diode current Id and the emission current le corresponding to the thickness of the 
Si02 film of each of the acquired plural devices, 
55 As a r suit, by applying a voltage of 200 V or lower, the mission current of 1 x 10^ A/cm^ or great r and th 

lectron emission fficiency of 1 x lO'^ or greater were obtain d from th el ctron mission devic which has an SiOg 
dielectric layer with 50 nm in thickness. Furthermore, the emission current of 1 x 1 0^ A/cm^ or greater and the electron 
emission efficiency of 1 x 10"^ or greater were obtained from the electron emission device which has an SiO^ dielectric 
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layer with 300 nm in thickness. Therefor , it was understood that the good emission curr nt and lectron mission 
effici ncyw r obtained in the devic s each having an SIO^ dielectric layer with 50 nm or great r. pr f rabtylOOnm 
or gr ater in thickness. 

With a vottage of approximately 4 kV applied between the fluorescent-substance coated collector electrode 2 and 
s the thin-film metal electrode 1 5, a uniform fluorescent patt rn corresponding to the shap of the thin-film metal etectrod 
was obsen/ed in th devic s whos SiOg layers hav thickn sses of 50 nm or gr ater. This shows that th electron 
emission from the an^orphous Si02 layer is uniform and has a high linearity, and that those devices can serve as an 
electron emission diode, or a light-emitting diode or laser diode which emits electromagnetic waves of infrared rays, 
visible light or ultraviolet rays. 

10 According to the electron emission device of this emtxxjiment according to the invention with the intermediate 

layer of a bw work functbn, the insulator layer has a large thickness so that any holes are not likely to be produced, 
whereby the production yield is improved. The emission current of the electron emissk>n devk^e is greater than x 10^ 
A/cm^ and is approximately 1 x 10"^ A/cm^, and the electron emission efficiency obtained is 1 x 10^^ Therefore, this 
electron emission device, when in use in a display device, can provide a high luminance, can suppress the consumption 

IS of the drive current and the generation of heat from the device, and can reduce a burden on the driving circuit. 

<E lectron emission device including a region containing atoms or compounds of a low work function> 

Inventors directed their attention to the relevant points to a region containing atoms or compounds of a bw work 
20 functbn used for the intermediate layer in the above embodiments. Inventors fabricated various electron emission 
devices while altering the conditions of the region containing atoms or compounds of a low work function to improve 
the performance and stableness of the electron emission devices and then examined concretely their characteristrcs 
thereof. As a result. Inventors revealed that there are effective matters that one of the thin-film metal electrode and the 
insulator layer is provided with a region containing atomic elements each having a work function such as the group I 
25 i.e., alkaline metals, the group II i.e., alkaline-earth metals, lanthanoids i.e., rare-earth elements or compounds com- 
bined thereto in order to i inprove^he performance and stableness of the ejectron emission device comprising an elec- 
tron supply layer, an insulator layer and a thin-film metal electrode. This feature includes the above mentbned embod- 
iment in which the intermediate layer of a low work functbn is disposed between the thin -film metal electrode and the 
insulator layer. 

30 The atomic elements belonging to the group 1, the group II and lanthanoids are preferably used for the region 

above mentioned because of their low work function in comparison with the other atomic elements. For example, their 
atomic symbols and their work functions (WORK FUNCTION) will be listed as follows: in the group I, Li(2.39), Na(2.27), 
K(2.15). Rb(2.13), Cs(1.89); in the group II, Be(337), Mg(3.46), Ca(2.76), Sr(2.35). Ba(2.29); In the lanthanoids. La 
(3.5), Ce(2.7), Pr(2.7), Nd(3.1), Pm, Sm(2.7), Eu(2.5), Gd(2.7). Tb(2.6), Dy(2.2), Ho(2.3), Er(2.4), Tm. Yb, Lu(3.3). 

35 The single elements above listed or compounds combined thereto nnay be used as a low work function substances. 

Such elements and compounds are as follows: with respect to the group I a, LiOg, Lil, LigSiOg, LigTlOs, Na20, Nal, 
NaFeOg, Na4Si04, K2O, Kl, K2TIO3, K2WO4, RbgO, RbBr. Rb2Cr04, CsgO. CsBr, CsCr04; with respect to the group 
lla, BeO, BeY204, BeNb204, Beln204, BeTagOg. MgO, MgaAg, MgY204, MgNb204, Mgln204, MgTaaOg, CaO. Ca2Cu, 
CaY204, CaNb204, CalngOg, CaTaaOg, SrO, SrS, SrY204, SrNbgOg. Srln204, SrTagOg, BaO, BaTiOg, BaY204, 

40 BaNb204, Baln206, BaTa206; and with respect to the lanthanokls, LagOg, BeLa204. MgLa204, CaLa204, SrLa204' 
BaLa204, COgOa, BeCe204, MgCe204, CaCe204, SrCe204. BaCe204, PraOg, BePr204, MgPr204, CaPr204, SrPr204. 
BaPr204, Nd203, BeNd204, MgNd204, CaNd204. SrNd204. BaNd204, SnrigOa, BeSnn204, MgSm204, CaSm204, 
SrSm204, BaSm204, EU2O3, BeEu204, MgEu204. CaEu^4, SrEu204, BaEu204, Gd203. BeGd204. MgGd204. 
CaGd204, SrGd204, BaGd204, Tb203, BeTb204, MgTb204. CaTb204, SrTb204, BaTb204, Dy203, BeDy204, 

45 MgDy204, CaDy204, SrDy204, BaDy204, H02O3, BeHo204, MgH0204, CaHo204, SrHo204. BaHo204, Er203. 
BeEr204. MgEr204, CaEr204, SrEr204, BaEr^4. Tm203, BeTm204, MgTna204, CaTm204, SrTm204, BaTm204, 
YbaOg, BeYb204. MgYb204, CaYb204, SrYb204, BaYb204, LU2O3. BeLu204, MgLu204, CaLu204, SrLu204, BaLu204. 
The compounds used as a low work function substances in the invention include oxides, nitrides, complexes oxides, 
albys, salts and inorganic compounds. The work functbn of the compound is dependent on the included atom having 

50 a lowest work function. Furthermore, the substance mentioned above in the embodiments is included in the low work 
function substances. 

< Another embodiment including a region containing atoms or compounds of a low work function> 

55 A region containing th other atoms or compounds of a low work functbn than th above may b formed between 

the insulator layer 13 and the thin-film m tal lectrod 15. In this case, th int rmediat layer is an alby of the group 
I, th group II, or th mixture thereof. The intermediate layer may be enhanced as a compound to b in an island^hape 
capable of lamination to facilitate th transferring of electrons from the insulator to the thin4ilm metal electrode. 
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Th intermediate layer was formed by sputt ring by using a gas of Ar, Kr or X or a mixture th r of under th 
sputtering conditions of a gas pr ssur of 1 to 20 mTorr, preferably 0.4 to 40 mTorr and the forming rate of 0.1 to 10 
nnn/sec. for a pertinent tim period. After th film-forming, ther are a shap of many islands dispersed inst ad of a 
layer-shape but such an island-shape is ffectiv for the Intermediat layer 

5 Concr tely, an electron emission devices was manufactured through th same nnanner as the above embodim nts 

with the intermediat layer xcept that the low work function substance of Tb407 is used for ach int rm diate layer 
while controlling the sputter conditions of the gas pressure of 5 mTorr or the forming rate i.e., deposition rate 0.5 nm/ 
sec for a forming time period of 2 seconds. Then, there were measured the diode current Id and the emission current 
le corresponding to the film thickness of the SiO^ insulator layer. 

10 In the case that a driving voltage Vd of 0 to 1 00 V was applied to the prepared electron emission devices, Fig. 27 

shows a relationship between a film thickness of insulator layer and the maxim emission current le in the electron 
emission device, and Fig. 28 shows a relationship between a film thickness of insulator layer and the maxim electron 
emission efficiency (le/ld) in the electron emission device. As apparent from these Figures, the device having the 50 
nm or greater thick insulator layer shows an effective emissbn current le. The device whose insulator layer having a 

IS thickness of 400 to 700 nm showed the maximum emission current of about 1 x lO'^ AJcrrfi and the maximum electron 
emission efficiency of about 1 x 10-\ 

Fig. 29 shows a property relationship between the emission current le and the driving voltage Vd of the electron 
emission devices both of the embodiment and the comparative electron emission when a driving voltage Vd of 0 to 
100 V was applied to each prepared electron emission device. In Figure, the ptots A denote a property of emission 

20 current of the device having the intermediate layer 1 4 and the plots B denote that of the comparative device assembled 
in the same manner except having non-intermediate layer. As seen from Fig. 29, the device having the intermediate 
layer began to emit electrons at a driving voltage Vd of about 55 V. In contrast, the device without any intermediate 
layer began to emit electrons at a driving voltage Vd of about 70 V or more. In this way, it is understood that the driving 
voltage of the electron emissbn device having the intemiediate layer is reduced in comparison with the comparative. 

25 

<Electron emission device including an electron emission layer as a region containing atoms or compounds of a low 
work f unction> 

Fig. 30 is an partly enlarged schematic cross-sectional view showing an electron emission device of another em- 

30 bodiment according to the invention which has an electron emission layer 14a disposed on an outer surface of the 
thin-film metal electrode 15. The electron emission device is manufactured through the same manner as the above 
embodiments except that the electron emissbn layer 14a is formed on the outer surface (facing a vacuum space) of 
the thin-film metal electrode 15, instead of the intermediate layer 14 of Al-LI alloy or Tb407 disposed between the 
insulator layer 1 3 and the thin-film metal electrode 1 5 in the above embodiment shown in Fig. 26. The electron emission 

35 layer 14a was formed at a thickness of 1 nm or less. In this case, the electron emission layer 14a was formed so as 
to be many island-shaped regions dispersed on the surface of the thin-film metal electrode 1 5 rather than a layer The 
thin-film metal electrode 15 can lower the potential barrier 

In the above election emission device having the lamination structure of the electron emissbn layer 14a of a low 
work function, the thin-film metal electrode 1 5 and the insulator layer 1 3 are formed in tum. The material of the electron 

40 emission layer 14a may be preferably selected form the group I, the group II, lanthanides or a compound thereof. The 
thickness of the electron emission layer 1 4a may be set within 1 0 nm or less, otherwise the emissbn current decreases 
due to lost energy of electrons. This is because the electron emissbn layer is likely to scatter electrons passing there- 
through when it has a thickness more than 10 nm. 

The thin-film formation of the electron emission layer 14a may be performed through a sputtering method by using 

45 a sputter gas of Ar, Kr, Xe or the like under the sputtering conditions of a gas pressure of 1 to 20 mTorr and a forming 
rate of 0.1 to 10 nnn/sec preferably while the thickness of the electron emissbn layer 14a is controlled by the thin-film 
formatbn time period. The analysis of the resultant electron emissbn layer 1 4a showed a film-growth in a multi-island 
shape as shown in Fig. 30 instead of a continuous layer Nevertheless the multi-island shaped electron emission layer 
14a has a sufficient effect to emit electrons. There are the other thin-film formation such as vacuum deposition, CVD, 

so laser aberration, MBE and ion beam sputtering which are effective. 

Concretely, an electron emission devices with a multi-island shaped electron emission layer 14a as shown in Fig. 

30 was manufactured through the same manner as the above embodiments except that the electron emission layer 
of Tb407 was formed on the thin-film metal electrode 15. In this case, while controlling the sputter conditions of the 
gas pressure of 5 mTorr or the deposition rate 0.5 nm/sec, Tb407 was disposed for a forming time period of 2 seconds. 

55 Then, there was measured th diode current Id and th emissbn curr nt I corr sponding to the film thickness of 

th Si02 insulator layer 

In the case that a driving voltage Vd of 0 to 100 V was applied to th prepared electron emission devices. Figs. 

31 and 32 shows relationships between a film thickness of insulator layer and both the nnaxtm emission current le and 
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th maxim lectron emission ffici ncy (le/Id) in the electron mission devic . As appar nt from thes Figures, th 
device whose insulator lay r having a thickn ss of 400 to 700 nm showed th maximum mission current of about 1 
X 10"^ A/cm^ and th maximum electron emission efficiency of about 1 x 10"^. To obtain a good lectron emission 
efficiency, it is understood that the Insulator layer has a film thickness of 50 nm or great r 

s Fig. 33 shows a property relationship b tw en the mission current I and the driving voltage Vd of th electron 

emission devices both of th mbodiment and the comparativ lectron emission when a driving voltage Vd of 0 to 
100 V was applied to each prepared electron emission device. In Figure, the plots A denote a property of emission 
current of the device having the electron emission layer and the plots B denote that of the comparative device assembled 
in the same manner except that no electron emission layer is provided. As seen from Fig. 33, the device having the 

10 electron emission layer began to emit electrons at a driving voltage Vd of alx>ut 50 V In contrast, the device without 
any electron emission layer began to emit electrons at a driving voltage Vd of about 70 V or more. In this way, it is 
understood that the driving voltage of the electron emission device having the electron emissbn layer is reduced in 
comparison with the comparative. 

'5 <Electron emission device including a region containing atoms or compounds of a low work function which is formed 
within the thin-film metal electrode> 

Fig. 34 is an partly enlarged schematic cross-sectional view showing an electron emission device of another em- 
bodiment according to the invention in which the thin-film metal electrode has a region 1 4b containing atomic elements 

20 ach having a work function which is lower than that of the thin-film metal electrode 15. The electron emissbn device 
is manufactured through the same manner as the above embodiments except that the low work function regions 14b 
are disposed with in the thin-fi Im metal electrode 1 5, instead of the intermediate layer 1 4 of Al-Li alloy or Tb407 disposed 
between the insulator layer 13 and the thin-film metal electrode 15 in the above embodiment shown in Fig. 26. In this 
case, the low work function regions 14b can lower the potentia l barrier and facilitate to tr ansfer electrons from the 

25 i nsulator l ayer to the thin-film metal electroBe ! 

In the electron emission device in whrch the low work function substances 14b are disposed In the thin-film metal 
electrode 15 formed on the insulator layer 1 3, the matrix of the thin-film metal electrode 15 serves as a thin-film applying 
a uniform electric field to a constant area of the surface of the device. It Is therefore necessary for the matrix to empby 
a material having an electric resistance of 1 0-3 Qcm or less. For example the matrix of the thin-film metal electrode 15 

30 is selected from a substance having a 10* ficm order such as Al, Au, R, Cu, Pd, Ag, Ni, W, Ir, Fe, Co, and Tl. The 
low work function substances 14b are added to such a selected matrix to obtain the thin-film metal electrode 15. The 
mixture ratio of the low work function substances 14b added to the thin-film metal electrode 15 is dependent on the 
electric resistance of the matrix. The addition of the low work function substance to the matrix of the is controlled so 
that the thin-film metal electrode 15 has an electric resistance of 10^^ Qcm or less. 

35 The thin-film formation of the thin-fllm metal electrode 15 containing the tow work function substances 14b may 

be periormed through a sputtering method. In this case, a target of a pertinent mixture above mentioned may be used. 
A complex target of a major component target including an additive of a tow work function substance may be also used. 
Alternatively, a co-sputtering method using two source targets may be employed in which a major component target 
and an additive target of a low work function substance are used. 

40 Concretely, an electron emisston devices having the thin-film metal electrode 15 containing the low work function 

substances 14b as shown in Fig. 34 was manufactured through the same manner as the above embodiments except 
that the thin-film metal electrode was formed of a major component Au and a minor component Tb407 of a low wortc 
functbn on the Insulator layer. In this case, the co-sputtering was used and the resultant thin-fllm metal electrode had 
2x 10^ Qcm. 

45 Then, there was measured the diode current Id and the emission current le corresponding to the film thickness of 

the SIO2 insulator layer. 

In the case that a driving voltage Vd of 0 to 100 V was applied to the prepared electron emission devices, Figs. 
35 and 36 show relationships between a film thickness of insulator layer and both the maxim emission current le and 
the maxim electron emission efficiency (le/ld) in the electron emission device respectively. As apparent from these 

50 Figures, the device whose insulator layer having a thickness of 400 to 700 nm showed the maximum emission current 
of about 1x10^ A/cm2 and the maximum electron emission efficiency of about 1 x 10"^. To obtain a good electron 
emission efficiency, it is understood that the Insulator layer has a film thickness of 50 nm or greater. 

Fig. 37 shows a property relationship between the emission current le and the driving voltage Vd of the electron 
emission devices bo\Y\ of the embodiment and the comparative electron emission when a driving voltage Vd of 0 to 

55 100 V was applied to each prepared I ctron missbn devic . In FIgur , the ptot A denot s a property of emission 
current of the embodiment having th thin-film metal electrode containing th low wortc function substanc s and, the 
plots B denote that of the comparative device assembi d in the same manner except that non-low work function sub- 
stance Is provided. As seen from Fig. 37, the device having the thin -film metal electrode containing the low work function 
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substances b gan to emit I ctrons at a driving voltage Vd of about 50 V In contrast, the devic without any low work 
functbn substance began to mit lectrons at a driving voltage Vd of about 70 V or more. In this way, it is understood 
that th driving voltage of th lectron emission device having th tow work function substance in the thin-film m tal 
electrode is reduced in comparison with the comparative. 

s Moreover, fluctuations of the emission current le of the electron mission device both of the embodiment and the 

comparative devic ar m asur d. Fig. 38 shows th fluctuation of mission current with th laps oftim in the el ctron 
mission device having the low work function substance in the thin-film metal electrode. Fig. 39 shows the same of 
the comparative electron emission device without any bw work functbn substance in the thin-film metal electrode. As 
apparent from these Figures, the fluctuatbns of the emissbn current le of the electron emission device of the embod- 

10 iment is very small in comparison with that of the comparative device. It is assumed that this phenomenon occurs due 
to the thin-film metal electrode including the dispersed bw work function substances is capable of facilitating to pass 
many elections from the electron supply layer to the thin-film metal electrode in stable in comparison with the compar- 
ative device without any low work functbn substance. 

Fig. 40 shows a property relationship of a diode current Id and the emission current le with respect to the driving 

IS voltage Vd of the electron emissbn device. From this, it is understood that the diode current Id shows a hysteresis 
property. In Figure, a voltage drop of diode current Id occurs at the starting point of the emission current le and then 
the emission current le rises. 

< Electron emission device including a regbn containing atoms or compounds of a low work function which is formed 
20 within the insulator laver> 

Fig. 41 is an partly enlarged schematic cross-sectional view showing an electron emission device of another em- 
bodiment according to the inventbn in which the insulator layer 13 has a region 14c containing atomic elements each 
having a low work function. The electron emission device is manufactured through the same manner as the above 

25 embodiments except that the low work function regions 14c are disposed with in the insulator layer 1 3, instead of the 
intermediate layer 14 of Al-Li alby or Tb407 disposed between the insulator layer 13 and the thin-film metal electrode 
15 in the above embodiment shown in Fig. 26. In this case, the low work function regions 14c can facilitate to transfer 
electrons from the insulator layer 13 to the thin-film metal electrode 15. The low work function regions 14c may be 
formed in such a manner that the higher the concentration distribution of low work function substances becomes closer 

30 to the thin-film metal electrode 15. The thin-fim formtion of the insulator layer 13 with The low work function regions 
14c is the same as that of the device shown in Fig. 34. 

As mentioned above, in the electron emission device comprising an electron supply layer, an insulator layer and 
a thin-film metal electrode, the improvement of the performance and stableness is achieved by proving a region con- 
taining atomic elements each having a work function such as the group t i.e., alkaline metals, the group II i.e., alkaline- 

35 earth metals, tanthanoids i.e., rare-earth elements or compounds combined thereto within one of the thin^lm metal 
electrode and the insulator layer or therebetween. 

<Electron emission devbe including an insulator layer having a themr^l conductive lavers> 

40 As shown in Fig. 42, an electron emissbn device of this embodiment has an electron supply layer 12 of metal or 

semiconductor, an insulator layer 13 with a thermal conductive layer 14, and a thin-film metal electrode 15 facing a 
vacuum space which are layered or formed in turn on an ohmic electrode 11 of Al previously formed on a device 
substrate 10. The insulator layer 1 3 is made of a dielectrb substance and has a very large film thickness of 50 nm or 
greater. The electron emission device is a diode with the top electrode i.e., the thin-film metal electrode 15 set to a 

^ positive potential Vd and the back electrode i.e., the ohmic electrode 1 1 set to a ground potential. The electron emissbn 
device emits electrons when an electric field is applied between the electron supply layer and the thin-film metal elec- 
trode. When the driving voltage Vd is applied between the ohmic electrode 11 and the thin-film metal electrode 15 to 
supply electrons into the electron supply layer 12, a diode current Id flows. Since the insulator layer 13 has a high 
resistance, most of the applied electric field is applied to the insulator layer 1 3. The electrons move inside the insulator 

50 layer 1 3 toward the thin-film metal electrode 1 5. Some of the electrons that reach near the thin-film metal electrode 1 5 
tunnel through the thin-film metal electrode 15, due to the strong electric fleld, to be discharged out into the vacuum 
space. The electrons e (emission current le) discharged from the thin-film metal electrode 15 by the tunnel effect are 
accelerated by a high voltage Vc, whbh is applied to the opposing transparent collector electrode 2, and is collected 
at the collector electrode 2. When the fluorescent substance is coated on the collector electrode 2, corresponding 

ss visible light is emitted. 

For the material of the th nmal conductiv lay r 14 provided within the insulator layer, a substanc i. ., metal, 
metal oxide, or alloy having a good thermal conductivity higher than that of the insulator layer such as Ag, Al, A^Oa, 
Au, Be, BeO, C, Ca, Cd, CdS. Cr, Cu, Fe, In, InSb. Ir, K, Li. Mg, Mo, NH4CI. Na, Nb, Ni, NiO, Pb. Pt, Rh, Sb. Si, Sn, 
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Ta, Ti, 7102, Tl, TICI, W, 2n, Zr, brass, Manganin^, Constantan, stainless st el, nichrom , Inconel. Monel, Pt-10%Rho- 
dium can be used. 

Electron emission devic s of this mbodim ntw re fabricated and their characteristics war xamin dconcret ly. 
An electron supply layer of silicon (Si) was formed at 5000 nm thick, by sputtering, on an electrod surfac of a 
5 device substrat 10 of glass on which an ohmic electrod of Al was pr viously formed 300 nm thick by sputtering. A 
plurality of Si substrat s of this type were prepared. 

Then, insulator layers of Si02 were formed on the electron supply layers of the Si substrate by sputtering respec- 
tively while changing the film thickness of the insulator layer in a range from 0 nm to 500 nm. Thus a plurality of SiO^- 
insulator substrates were provided. Each SiO^ insulator layer was formed by sputtering by using a gas of Ar, Kr or Xe 
10 or a mixture thereof, or a gas mixture essentially consisting of one of those rare gases with O^, N2, H2 or the like mixed 
therein, under the sputtering conditions of a gas pressure of 0. 1 to 1 00 mTorr, preferably 0. 1 to 20 mJorr and the forming 
rate of 0.1 to 1000 nm/min, preferably 0.5 to 100 nm/min. To obtain the single layer or multilayer structure, the amor- 
phous or crystal phase, the grain size and the atomb ratio of the goal insulator layer 13, the sputtering device was 
controlled by properly altering the sputtering target and sputtering conditions. A thermal conductive layer of Al was 
IS formed at a 10 nm thick by sputtering at the intermediate point during sputtering of the insulator layer so as to be 
sandwiched therebetween. 

The thickness of the thermal conductive layer may be set within a range less than that of the Insulator layer and 

1 nm or more. 

Finally, a thin-film metal electrode of R was formed at a 10 nm thick on the surface of the amorphous SiO^ layer 

20 of each substrate by sputtering, thus providing plural device substrates. 

Meanwhile, transparent substrates were prepared, each of which has ITO collector electrodes formed inside the 
transparent glass substrate. Fluorescent layers of fluorescent substances corresponding to Red, Green and Blue color 
emissions were formed on the collector electrodes by the normal scheme respectively. 

Electron emission devices were assembled by holding those device substrates and transparent substrates apart 

25 from one another by 1 0 mm in parallel by a spacer in such a way that the thin-film metal electrode faced the collector 
electrode, with the clearance therebetween made to a vacuum of 10"^ Torr or 10"^ Pa. 

Then, the diode current Id and the emission current le corresponding to the thickness of the SiO^ film of each of 
the acquired plural devices were measured. 

Figs. 43 and 44 show the relationships both between the film thickness of each SiOg layer and the maximum 

30 emission current le and between that film thickness and the maximum electron emission efficiency (le/ld) for each film 
thickness respectively when a driving voltage Vd of 0 to 200 V was applied to the prepared electron emission devices. 
As apparent from these Figures, while the emission current and the electron emission efficiency were saturated from 
the thickness of 50 nm, the devices whose SIO^ layers had thicknesses of 300 to 500 nm showed the maximum 
emission current of about 1x10^ A/cm^ and the maximum electron emission efficiency of about 1 x 10"^. 

35 The temperature of resultant electron emission device was measured for 10 seconds or more. After some com- 

parative electron emission devices were fabricated in the same manner of this embodiment except that there Is no 
thermal conductive layer In the insulator layer, the temperature of resultant electron emission device was measured 
similarly. Fig. 45 shows the results that both of the electron emission device of this embodiment and the comparative 
change in temperature with the lapse of time. In Figure, the cun/e A denotes a temperature property of the device 

40 having the thermal conductive layer in the Insulator layer, and the curve B denotes that of thermal conductive layer. 
As seen from this Figure, the device of the embodiment having the themial conductive layer is stable at a low temper- 
ature In comparison with the device without any thermal conductive layer 

Moreover, fluctuations of the emission current le of the electron emission device both of the embodiment and the 
comparative are measured. Fig. 46 A shows the fluctuatbn of emission current with the lapse of time In the electron 

45 emission device having a thermal conductive layer, and Fig. 46B shows the same of the comparative electron emission 
device having no thermal conductive layer. As apparent from these Figures, the thermal conductive layer disposed in 
the Insulator layer of the electron emission device can restrict the fluctuation of le to make the emission current of the 
electron emission device stable In comparison with the comparative. Further, it Is understood that the embodiment has 
a life longer than tat of the comparative which Is broken during this examination. 

50 

<Electron emission display devlce> 

Fig. 47 shows an electron emission display device according to one embodiment of the Invention. This embodiment 
comprises a pair of the transparent substrate 1 and the device substrate 10, which face each other with a vacuum 
55 spac 4 in between. In th illustrated lectron emission display apparatus, a plurality of transparent collector lectrodes 

2 of , for example, an indium tin oxid (so-called ITO), tin oxid (SnO), zinc oxide (ZnO) or th lik ,ar formed in parallel 
on the inner surface of the transparent glass substrate 1 or the display suriace (which faces the back substrate 10). 
The collector electrodes 2 may be formed integrally. The transparent collector electrodes which trap emitted electrons 
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ar arranged in groups of thr e in association with red (R). gr en (G) and blu (B) color signals in order to provide a 
color display pan I, and voltages ar applied to thos three collector lectrodes respectiv ly. Therefor , fluorescent 
lay rs 3R, 3G and SB of fluorescent substances corresponding to R, G and B color emissions are resp ctively formed 
on the thre collector electrodes 2 in such a way as to face th vacuum space 4. 

s A plurality of ohmic electrod s 1 1 are formed In parallel on th inner surfac of the devic substrate 1 0 of glass or 

th like which faces th transparent glass substrat 1 with th vacuum spac 4 in between (i.e., said inn r surfac 
faces the transparent glass substrate 1 ) via an auxiliary Insulator layer 1 8. The auxiliary insulator layer 1 8 Is comprised 
of an insulator such as SiOg, SIN^, AI2O3 or AIN, and sen/es to prevent an adverse influence of the device substrate 
10 on the device (such as elution of an impurity such as an alkaline component or a roughened substrate surface). A 

10 plurality of electron emission devices S are formed on the ohmic electrodes 11. In order to adjoining thin-film metal 
electrodes 15 are electrically connected to each other, a plurality of bus electrodes 16 are formed on parts of the thin- 
film metal electrodes 15. extending in parallel to one another and perpendicular to the ohmic electrodes 11. Each 
lectron emission device S comprises the electron supply layer 1 2, the insulator layer 1 3 and the thin^lm metal elec- 
trode 1 5 which are formed in order on the associated ohmic electrode 11 . 

IS The thin-film metal electrodes 1 5 face the vacuum space 4. A second auxiliary insulator layer 17 with openings is 

formed to separate the surfaces of the thin-film metal electrodes 15 into a plurality of electron emission regbns. This 
second auxiliary insulator layer 17 covers the bus electrodes 16 to prevent unnecessary short-circuiting. 

The material for the ohmic electrodes 11 is Au, Pt, Al, W or the like which is generally used for the wires of an I C, 
and has a uniform thickness for supplying substantially the same current to the individual devices. 

20 While silicon (Si) is one material for the electron supply layer 12, it is not restrictive for the electron supply layer 

of the invention and other semiconductors or metals of any of amorphous, polycrystal and nrionocrystal can be used 
as well. 

From the principle of electron emission, it is better that the material for the thin-film metal electrode 15 has a lower 
work function ^ and is thinner. To increase the electron emission efficiency, the material for the thin-film metal electrode 

25 15 should be a metal of the group I or group 11 in the periodic table; for example, Cs, Rb, Li, Sr, Mg, Ba, Ca and the 
like are effective and albys of those elements may be used as well. To make the thin-fitm metal electrode 15 very thin, 
the nnaterial for the thin-film metal electrode 1 5 should be a chemically stable metal with a high conductivity; for example, 
single substances of Au, R, Lu, Ag and Cu or albys thereof are desirable. It is effective to coat or dope a metal with 
a low work f unctbn as described above on or in those metals. 

30 The material for the bus electrodes 16 can be Au, R, Al or the like which is generally used for the wiring of an 

integrated circuit IC, and should have a thickness enough to supply substantially the same potential to the individual 
devices, adequately of 0.1 to 50 ^im, 

A simple matrix system or an active matrix system may be employed as the driving system for the display device 
of the invention, 

35 In the electron emission display device according to the invention as shown in Fig. 47, it should be understood 

that the intermediate layer (not shown) is formed between the insulator -layer 13 and the thin-film metal electrodes 15, 
and that the electron emissbn layer (not shown) is formed on the thin-film metal electrodes 15, and that a region 
containing atoms or compounds of a low work f unctbn (not shown) is formed within the insulator layer 1 3 or the thin- 
film metal electrodes 15, and that the thermal conductive layer (not shown) is formed within the insulator layer 13. 

40 Furthermore, a plurality of thermal conductive layers may be formed within the insulator layer 13, although the above 
embodiment is described foronly a single thermal conductive layer to simplify the examinatbn of the device. In additbn, 
other functional layer such as Si. SiO^ may be also formed in the form of plural layers laminated to one another. 

45 Claims 

1. An electron emission device comprising: 

an electron supply layer of metal or semiconductor; 
^ an insulator layer formed on the electron supply layer; and 

a thin-film metal electrode formed on the insulator layer and facing a vacuum space, 
characterized in that said insulator layer is made of a dielectrb substance and has a film thickness of 50 nm 
or greater, whereby the electron emission device emits electrons when an electric field is applied between the 
electron supply layer and the thin-film metal electrode. 

55 

2. An lectron emission display device comprising: 

a pair of first and second substrates facing each other with a vacuum spac in between; 
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a plurality of lectron emission devic s provided on the first substrate; 
a collector electrod provided in the s cond substrate; and 
a fluorescent layer fomried on th collector I ctrode, 

each of the electron emission devices comprising an electron supply layer of metal or semiconductor; an 
insulator layer formed on th lectron supply layer; and a thin-film metal electrode formed on th insulator 
layer and facing a vacuum space, wh rein said insulator lay r is made of a dielectric substanc and has a 
film thickness of 50 nm or greater. 

An electron emission display device comprising: 

a pair of a device substrate and a transparent substrate facing each other with a vacuum space in between; 
a plurality of ohmic electrodes formed in parallel on an inner surface of the device substrate; 
a plurality of electron emission devices provided on the ohmic electrodes, each of the electron emission devices 
comprising an electron supply layer of metal or semiconductor; an insulator layer formed on the electron supply 
layer; and a thin-film metal electrode formed on the insulator layer and facing the vacuum space, wherein said 
insulator layer is made of a dielectric substance and has a film thickness of 50 nm or greater; 
a jslurality of bus electrodes formed on parts of the thin-film metal electrodes and extending in parallel to one 
another and perpendicular to the ohmic electrodes so as to electrically connect adjoining thin-film metal elec- 
trodes; 

a plurality of collector electrodes provided in the transparent substrate; and 
fluorescent layers formed on the collector electrodes. 

An electron emisskxi display device according to claim 3 further comprising a second auxiliary insulator layer with 
openings formed to separate the surfaces of the thin-film metal electrodes into a plurality of electron emission 
regions. 

An electron emission display device according to claim 4, wherein the second auxiliary insulator layer covers the 
bus electrodes. 

An electron emission device comprising: 

an electron supply layer of metal or semiconductor; 

an insulator layer formed on the electron supply layer; and 

a thin-film metal electrode formed on the insulator layer and facing a vacuum space, 
characterized in that said insulator layer is made of a dielectric substance with a dielectric constant of 8 or 
less and has a film thickness of 50 nm or greater, whereby the electron emission device emits electrons when 
an electric field is applied between the electron supply layer and the thin-film metal electrode. 

An electron emission display device comprising: 

a pair of first and second substrates facing each other with a vacuum space in between; 
a plurality of electron emission devices provided on the first substrate; 
a collector electrode provided in the second substrate; and 
a fluorescent layer formed on the collector electrode, 

each of the electron emission devices comprising an electron supply layer of metal or semiconductor; an 
insulator layer formed on the electron supply layer; and a thin-film metal electrode formed on the insulator 
layer and facing a vacuum space, wherein said insulator layer is made of a dielectric substance with a dielectric 
constant of 6 or less and has a film thickness of 50 nm or greater. 

An electron emission device comprising: 

an electron supply layer of metal or semiconductor; 

an insulator layer fomied on the electron supply layer; and 

a thin-film metal electrode formed on the insulator layer and facing a vacuum space, 
charact rized in that said insulator layer has a film thrckness of 50 nm or gr at r and said lectron supply 
layer is transparent, wher by the lectron mission d vice emits electrons when an lectric fiekJ is applied 
between the electron supply layer and the thin-film metal lectrode. 
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9. An electron mission display devic comprising: 

a pair of first and second substrates facing each oth r with a vacuum spac in between; 
a plurality of electron emission devices provided on the first substrate; 
5 a collector electrode provided in th s cond substrat ; and 

a fluor scent lay r formed on th collector el ctrode, 

each of the electron emission devices comprising an electron supply layer of metat or semiconductor; an 
insulator layer formed on the electron supply layer; and a thin-film metal electrode formed on the insulator 
layer and facing a vacuum space, wherein said insulator layer has a film thickness of 50 nm or greater and 
10 said electron supply layer is transparent. 

10. An electron emission display device according to claim 9. wherein said first substrate is transparent, and further 
comprising a transparent electrode which is disposed between said first substrate and said electron supply layer 

15 11. An electron emission device comprising: 

an electron supply layer of metal or semiconductor; 

an insulator layer formed on the electron supply layer; and 

a thin-film metal electrode formed on the insulator layer and facing a vacuum space, 
20 characterized in that said insulator layer is made of silicon oxide as a major component of SiO^ where x rep- 

resents an atomic ratio in a range of from 0.5 to 2 in a whole layer and has a film thickness of 50 nm or greater, 
whereby the electron emission device emits electrons when an electric field is applied between the electron 
supply layer and the thin-film metal electrode. 

25 12. An electron emission device comprising: 

an electron supply layer of metal or semiconductor; 

an insulator layer formed on the electron supply layer; and 

a thin-film metal electrode formed on the insulator layer and facing a vacuum space, 
30 characterized in that said insulator layer is made of silicon oxide as a major component of SiO^ where x rep- 

resents an atomic ratio satisfying a refractive index in a range of from 1.3 to 3.0 and has a film thickness of 
50 nm or greater, whereby the electron emission device emits electrons when an electric field is applied be- 
tween the electron supply layer and the thin-film metal electrode. 

3s 1 3. An electron emission display device comprising: 

a pair of first and second substrates facing each other with a vacuum space in between; 
a plurality of electron emission devices provided on the first substrate; 
a collector electrode provided in the second substrate; and 

^ a fluorescent layer formed on the collector electrode, 

each of the electron emission devices comprising an electron supply layer of metal or semiconductor; an 
insulator layer formed on the electron supply layer; and a thin-film metal electrode formed on the insulator 
layer and facing a vacuum space, wherein said insulator layer is made of silicon oxide as a major component 
of SiO^ where x represents an atomic ratb in a range of from 0.5 to 2 in a whole layer and has a film thickness 

45 of 50 nm or greater. 

14. An electron emission display device comprising: 

a pair of a device substrate and a transparent substrate facing each other with a vacuum space in between; 

50 a plurality of ohmic electrodes formed in parallel on an inner surface of the device substrate; 

a plurality of electron emission devices provided on the ohmic electrodes, each of the electron emission devices 
comprising an electron supply layer of metal or semiconductor, an insulator layer formed on the electron supply 
layer; and a thin-film metal electrode formed on the insulator layer and facing the vacuum space, wherein said 
insulator layer is made of silicon oxide as a major component of SiO^ where x represents an atomic ratio in a 

55 range of from 0.5 to 2 In a whol lay r and has a film thickness of 50 nm or gr ater; 

a plurality of bus electrodes formed on parts of th thin-film metal lectrodes and extending in parallel to one 
another and perpendicular to th ohmic electrodes so as to electrically connect adjoining thin-film metal elec- 
trodes; 
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a plurality of cxdlector eleclrod s provided in the transpar nt substrate; and 
fluoresc ntlay rs formed on the collector el ctrodes. 

15. An electron emission display devic according to claim 14 further comprising a second auxiliary insulator layer 
with openings formed to separat the surfaces of th thin-film metal electrod s into a plurality of electron emission 
regions. 

16. An electron emission display device according to claim 15, wherein the second auxiliary insulator layer covers the 
bus electrodes. 

17. An electron emission device comprising: 



an electron supply layer of metal or semiconductor; 
an insulator layer formed on the electron supply layer; and 
IS a thin-film metal electrode formed on the insulator layer and facing a vacuum space, 

characterized in that one of said thin-film metal electrode and said insulator layer is provided with a region 
containing atomic elements each having a work function which is lower than that of said thin-film metal elec- 
trode, whereby the electron emission device emits electrons when an electric field is applied between the 
electron supply layer and the thin-film metal electrode. 

20 

18. An electron emission display device according to claim 17, wherein said region is an intermediate layer disposed 
between said thin-film metal electrode and said insulator layer. 

19. An electron emission display device according to claim 17, wherein said region is an electron emission layer dis- 
25 posed on an outer surface of said thin -film metal electrode at a side of electron emission. 

20. An electron emission display device according to claim 17, wherein said region is disposed so as to be dispersed 
as a layer within said thin-film metal electrode. 

30 21. An electron emission display device according to claim 17, wherein said region is disposed so as to be dispersed 
as a layer within said insulator layer. 

22. An electron emission display device comprising: 

35 a pair of first and second substrates facing each other with a vacuum space In between; 

a plurality of electron emission devices provided on the first substrate; 
a collector electrode provided in the second substrate; and 
a fluorescent layer formed on the collector electrode, 

each of the electron emission devices comprising an electron supply layer of metal or semiconductor; an 
40 insulator layer formed on the electron supply layer; and a thin-film metal electrode formed on the insulator 

layer and facing a vacuum space, wherein one of said thin-film metal electrode and said insulator layer is 
provided with a region containing atomic elements each having a work function which is lower than that of 
said thin-film metal electrode. 

45 23. An electron emission device comprising: 

an electron supply layer of metal or semiconductor, 

an insulator layer fomned on the electron supply layer; and 

a thin-film metal electrode formed on the insulator layer and facing a vacuum space, 
50 characterized in that said insulator layer has a film thickness of 50 nm or greater and is provided with one or 

more thermal conductive layers, whereby the electron emission device emits electrons when an electric field 
is applied between the electron supply layer and the thin-film metal electrode. 



24. An electron emission display device comprising: 

a pair of first and second substrates facing each other with a vacuum spac in betw en; 
a plurality of electron emission devic s provided on the first substrate; 
a collector electrode provided in the second substrate; and 
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a fluor sc nt layer formed on the collector electrode, 

each of th electron mission d vie s comprising an electron supply layer of metal or semiconductor; an 
insulator layer formed on th lectron supply layer; and a thin-film metal electrod formed on the Insulator 
layer and facing a vacuum space, wherein said insulator layer has a film thickn ss of 50 nm or greater and is 
s provided with one or mor thermal conductive layers. 

25. An electron emission device comprising: 

an electron supply layer of metal or semiconductor, 

10 an insulator layer formed on the electron supply layer; and 

a thin-film metal electrode formed on the insulator layer and facing a vacuum space, 
characterized in that said insulator layer is made of a dielectric substance and has a film thickness of 50 nm 
or greater which is formed through a sputtering by using a mixture gas essentially comprising a rare gas under 
a sputtering condition of a gas pressure of 0.1 to 100 mTorr and a forming rate of 0.5 to 100 nm/min, whereby 

IS the electron emission device emits electrons when an electric field is applied between the electron supply 

layer and the thin-film metal electrode. 

26. An electron emission display device comprising: 

20 a pair of first and second substrates facing each other with a vacuum space in between; 

a plurality of electron emission devices provided on the first substrate; 
a collector electrode provided in the second substrate; and 
a fluorescent layer fomried on the collector electrode, 

each of the electron emission devices comprising an electron supply layer of metal or semiconductor; an 
25 insulator layer formed on the electron supply layer; and a thin-film metal electrode formed on the insulator 

layer and facing a vacuum space, wherein said insulator layer is made of a dielectric substance and has a 
film thickness of 50 nm or greater which is formed through a sputtering by using a mixture gas essentially 
comprising a rare gas under a sputtering condition of a gas pressure of 0.1 to 100 mTorr and a forming rate 
of 0.5 to 100 nm/min. 

30 

27. An electron emission display device comprising: 

a pair of a device substrate and a transparent substrate facing each other with a vacuum space in between; 
a plurality of ohmic electrodes fomned in parallel on an Inner surface of the device substrate; 

35 a plurality of electron emission devices provided on the ohmic electrodes, each of the electron emission devices 

comprising an electron supply layer of metal or semiconductor; an insulator layer formed on the electron supply 
layer; and a thin -film metal electrode formed on the insulator layer and facing the vacuum space, wherein said 
insulator layer is made of a dielectric substance and has a film thickness of 50 nm or greater which is formed 
through a sputtering by using a mixture gas essentially comprising a rare gas under a sputtering condition of 

^ a gas pressure of 0.1 to 100 mTorr and a forming rate of 0.5 to 100 nm/min; 

a plurality of bus electrodes formed on parts of the thin-film metal electrodes and extending in parallel to one 
another and perpendicular to the ohmic electrodes so as to electrically connect adjoining thin-film metal elec- 
trodes; 

a plurality of collector electrodes provided in the transparent substrate; and 
45 fluorescent layers formed on the collector electrodes. 

28. An electron emission display device according to claim 27 further comprising a second auxiliary insulator layer 
with openings formed to separate the surfaces of the thin-film metal electrodes into a plurality of electron emission 
regions. 

50 

29. An electron emission display device according to claim 23, wherein the second auxiliary Insulator layer covers the 
bus electrodes. 

30. /Vn electron emission device comprising: 

55 

an electron supply layer of metal or semiconductor; 

an insulator layer fomned on the electron supply layer; and 

a thin-film metal electrode formed on the insulator layer and facing a vacuum space, 
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charact rized in that said insulator layer has a smoothed surface layer for contacting with said thin-fllm metal 
electrod , wher by th lectron mission devic emits electrons when an lectric field is applied betw en th 
electron supply layer and th thin-film m tal electrod . 

31. An lectron emission device according to claim 30, wherein said insulator layer is made of a di lectric substanc 
and has a film thickn ss of 50 nm or greater which is formed through a sputt ring method und r a sputtering 
condition in which a gas pressure or a fomning rate for said surface layer of said insulator layer is lower than that 
for a portion other than said surface layer of said insulator layer 

32. An electron emission device according to claim 30, wherein said insulator layer is nnade of a dielectric substance 
and has a film thickness of 50 nm or greater which is formed through a sputtering method by using a mixture gas 
essentially comprising a rare gas in such a manner that a portion other than said surface layer of said insulator 
layer is deposited under a sputtering condition of a gas pressure of 2 to 1 00 mTon- and a forming rate of 0. 1 to 1 00 
nm/min before said surface layer of said insulator layer is deposited under a sputtering condition of a gas pressure 
of 0.1 to 1 mTorr and a fomriing rate of 0.1 to 100 nm/min. 

33. An electron emission device according to claim 30, wherein said insulator layer is made of a dielectric substance 
and has a film thickness of 50 nm or greater which is formed through a sputtering method by using a mixture gas 
essentially comprising a rare gas in such a manner that a portion other than said surface layer of said insulator 
layer is deposited under a sputtering condition of a gas pressure of 0.1 to 100 mTorr and a forming rate of 20 to 
100 nnrVmin before said surface layer of said insulator layer is deposited under a sputtering condition of a gas 
pressure of 0.1 to 100 mTorr and a forming rate of 0.1 to 10 nm/min. 

34. An electron emission device according to claim 33, wherein saki mixture gas contains xenon or krypton. 

35. An electron emission device according to claim 30, wherein an electrk: resistance of said surface layer for contacting 
with said thin-film metal electrode is higher than that of a portion other than said surface layer of said insulator layer 

36. An electron emission device according to claim 30, wherein an electric resistance of said surface layer for contacting 
with said thin-fitm metal electrode is smoothed by a sputter-etching. 

37. An electron emission device according to claim 30, wherein said electron supply layer is nnade of silicon and said 
insulator is nnade of silicon oxide. 

38. An electron emission display device comprising: 

a pair of first and second substrates facing each other with a vacuum space in between; 
a plurality of electron emission devices provided on the first substrate; 
a collector electrode provided in the second substrate; and 
a fluorescent layer formed on the collector electrode. 

each of the electron emission devices comprising an electron supply layer of metal or semiconductor; an 
insulator layer formed on the electron supply layer; and a thin-film metal electrode formed on the insulator 
layer and facing a vacuum space, wherein said insulator layer has a snrxxsthed surface layer for contacting 
with said thin-film metal electrode. 

39. An electron emission device according to claim 34. wherein sakj mixture gas contains xenon or krypton. 
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